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1. Intr odu ctio n
Ntl m er O u S n atu r alyo c c u rring alkaloids co ntainingthetetrahydr o-β-c a rboline orthe
tetr ahydr ois oqu l n Olin e ring Syste m Show pha r m a c ologlC ally u s eful effe cts･ T he
l
■
r epr e s e ntativ e n atu r a11y o c c u rring alkaloids su ch as(S)-(＋te rtahydr oharm a n21),
e udisto min C 32)
,
re s e rpin e43)a ndfu mitre m orginB 54), c o ntain ste r e oge nic c e nte r at
C- I ofthetetr ahydr o-P-c arboline･ T he r efo r e,the synthe sis ofthes e n atu r alpr odu cts a s
w el a s a n alogu e sin e n a ntio m eric allypu refo r mis wi de spr e adinterest toboth orga nic
synthesis a ndm edicinalchemistry, a ndthu s o u rlabo r ato ryhas c o ntin u edthe synthe sis of
optic allyactiv eI-s ubstitutedtetr ahydr o-β- c a rbolin e1(Sche me 1).
Schem e 1 Optica][y Activ el･S ubstitu ed･tetr ahydr oサc a rboline alka]ojds
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Altho ughthe e n o r m o u sinve stigatio n s w ere m adeinthe asym m etric alkylatio nand
r edu ctio n ofpr o chir alc arbo nylc o mpoundsto chiralalcobols,
5)the developm e nt ofthe
c orr e spo ndingster e o s ele ctivetra n sfbm atio n ofpr ochiraliminesto cbirala min e s rem ain s
a ch allengingtaskfor synthetic organic che mits
6
,
7)
･
Ge n e r ally,thetw o m ethodologie sfo rasym m etric alkylatio n ofimines ha v ebe e n
e xplo r ed:dia ster e o sele ctiv e anden antio sele ctiv e alkylatio nofimin e s･
1
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For ex a mple, Den m a rk et a18) ,eported addit on of o rga n o m etallic r e age nt to
hydr o z o n e6to affo rdthe chiral a mine s u ch a s7 with93- 99% de, and Eれde rs and
c ow orker s9)als odes c ribed diaste reo selectiv e alkylatio n of imin e8ha ving a chir al
a u xilia ry, witha orga n o c e riu m r e age nt togiv e9upto99 % de(Sche m e2).
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0nthe othe rha nd, an e nantio sel
.
ective alkylatio n of imine 1 0witha o rga n olithiu m
reage ntinthepres enc e ofa catalytic am o unt ofchiral ligand ll(0.05- 0.5 m ol eq)to
affo rd 12upto90 %e eha v ebeen r epo rted byTo mioka
･
sgr o upl O)(sche m e3)I
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Rece ntly, nu cleophilic additon to hydra zo niu mions be arlng OptlC ally a ctiv e2-
substituted pyrrolidine a uxiliaries 1 3 le adsto highly enantio selectiv esynthe sis of1-
2
substitutedtetrahydroisoquin olin e s s u ch as14a nd 15(Sche m e4),hav ebe ende scribed
by Kibaya shi
･
s gr o upl I)I
Sin c e o u r attemio nhavebe e nfo c u s ed o nthe synthe sis ofoptic allyactiv etetr ahydro
-β-
c a rbolin e s, the PicteトSpe ngler r e actio n, ie, a nintr a m ole c ular alkylatio n ofimineto
amin e
,
is e,x amirledto c r e atethetetr ahydr(トβ-C arbolin ein asy mm etric m a n n er･
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T he Picteトspe ngler r e action is the m o st dir e ct m ethod of for mlng the
tetr ahydr ois oquin olin e aridthetetrahydr o-β- c arboline whichar ethe co m m on eststru ctur al
fe atu r e ofm a ny alkaloids12). In gen eral, the Pictet-Spe ngle r r e a ctio n c o n sist ofthe
c o nde n s atio n ofarylethylamin e16o rtryptamin e19 wi th al dehyde17 inthepres e n c e of
a cidtogiv etetral1ydroisoquin olin es18o rtetr ahydr o#c arbolin e s2013)(schem e5)I
Sche m e6
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Ba sed onbioge neticgr o u nds,in which is oqu ln Olin eal k aloids arefor m ed in pla ntsby
the r e a ctio n ofP- a rylethylamin e s withc a rbo nylco mpounds, Pictet a nd Spengler
14)
e x amin edthe re a ctio n ofP-phe nethylamin e21with m ethyla122 in c o nc hydro chlo ric
a cidtopr ovide1,2,3,4-tetrahydr ois oquin olin e23(Schem e6)･
T hePicteトSpe ngler rea ctio nso onbe c a m e a st ndard m ethod fわrthe for m
atio n of
tetrahydr ois oquin oline･ Appare ntly' Tats ui
15)w a sthe first to utilize this m ethod with
indole ba s e s, spe cific ally, the synthe sis of i
-Tnethyl- 1,2,3,4
1tetr ahydro-β- c a rbolin e
(tetr abydr oba r m a n). A nu mbe r ofre vie w s a re a v ailablefo rthe nu m e ro usβ
-c arbolin e
synthe s e s which follo w Tats ui
■
s o rlglnal adaptatio n of the PictecトSpe ngle r
co nde n s atio n16).
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As a n e x a mple, A kabo ria nd Saitol)repo rtedthe c o nde n s atio n oftryptamin e19with
a c etaldehyde 24 in aO･3 Nsulfu ric a cids olutio nto giv eト m ethyl-1,2,3,4-tetr ahydro-β-
c arbolin e25, whichw a she atedto1lO
oC fo r20min utestofa cilitate re a ctio n(Sche m e7).
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In additon to aldebyde, other c arbo nylc o mpo u ndsha vebe e n e mployed, but r e a ctio n
with lacto n e s are a r e･ For e x a mple, a c eto n e2 6a ndtrypta min e19w ere c onde ns edin
benze n e
,
in thepresen c e ofp-tolue nesulfo nic acid, by He ster17)toprovidethe Schiff
bas e2 7whichthen cycliz ed in pho spho r u s o xychloride to fu r nish 1,1-dis ubstituted
tetr ahydro-β- c a rboline28(Sche m e 8).
Tryptopha n,inste ad oftryptamine, ha sbeen suc ces sfullyu s ed in thePictet-Spe ngle r
r e a ctio n18)･ w he ntrypta min e a nd aldebyde s w er re加 x ed in a n apr otic s olv e nto nlythe
Scbi打 ba s e w asfわrm ed;how e v e r, whe nthe s a m e aldehyde s w er eh ated eithe r with
tryptopha n m ethyl este ro rNb-benzyltry pta min ein apr otic solvent, tetr ahydr o-β-
c arbolin es w erefo r med ingo odyield19,36b).
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Fo r e x a mple, 3- m etho xyca rbonyトトphe nyト1,2,3,4-tetr ahydr o-β- c a rbolin e3 1w as
prepared in 90% yield byhe atingtryptopha n methylester2 9a nd be n z aldehyde 30in
r e伽 xingbenz e n e19)(sche m e9).
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Ther eareナ ge n er a11y, tw oprl nCIPal m e cha nisticpathw ays which havebe enpr opo sed
fo rthePictet-Spe ngle rfe a ctio n:the spir oindolenin e r oute(Schem e10, path A), whichis
thought to a ris eby ele ctr ophilic atta ck ofthe Schifbas e32at the 3- po sitio n ofthe
* y
indoletogw e asplr O C O mPO u nd 33,follo w ed byaI,2 alkylshift tofor mthe
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,
o rthe simpler pathw ay which in v olv e sthe dire ctfor m atio n ofthe
c atio nicinter m ediate34 byele ctrophilic attack oftheSchiff ba s e32at the2- po sitio n of
theindole(Sche m e}10,path B).
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Repo rts abo ut either ofthes etw o me cba nis m sha ve appe a redin se veraljou r nals a nd,
spiroindolenin epath w ay(A)is ge n er ally ac c epted a sthe preferedpath Altho ugh
Bald win Rule2 0)for ring clo singdis clo s e5
-
- e ndo-tirg cyclisation(Sche m e1l)w as
disfovo u r edatta ck
,
Ja cks o net a121)ha vede m o n str ated a substa ntialam o u ntofe vidence
in suppo rtoftheindole nine m e cha nis mfr o minv estigatio n s ofthe ele ctr ophilic rea ctlVlty
oftheindole rl ng.
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Ja cks o n a nd S mithr epo rtedthat the rea ctio n of 3- m ethylindolylm agn esiu miodide a nd
allyl br o mide r es ulted intheform atio n of mixtu re of 3 5-37. Indilute a cicltheindole nin e
35re arr a ngedtotheI,21 disubstituted indole3 6;ho w e v e r,thethe r m alrearr ange m e nt35
to 3 6 didn ottake plac e･ N - alkylated indole 3 7 w ouldn ot r e arr a nge to the I,2-
disubstitutedindole3 6either u nde r acidic orther m alc o nditions(Sche m e12),
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Animporta nt expe rim e ntinthein v estlgatio n of the m e cha nis m w a sthe re a ctio nof
indolyl-3-buta no13 8with a tritiu mlabelon the m ethyle n egro up adjac e nt totheindole
ring2 2). usingB F3･ethe rate, theindolyト3-buta no1 38w as cyclizedtothetetrahydr o
c a rbazole 3 9
,
w hichstillc o ntain ed allofthe tritiu m label. W he nthe c arba z ole39w as
o xidiz ed to the l- o x ode riv ativ e4 0, halfofthelabelhad be e nlo stin 40;it w as
c o n cludedthat thelabel w a s equ allydistributedbetw e e nthe 1 and 4po sitio n s ofthe
c a rbazole 39･ T his s c r a mbling c o uldbe o nly c o n cludedthr o ughthe splrOindole nin e
inte mediate 41･(Sche m e13).
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Asthe po s sibiltie s ofthe r e arrange m e nt oftetr ahydro c a rbaz oles to splr O CyClic
indole nin e sin str o nger a cid23)w as r emin ed,Ja cks o n e x a minedthe c a rba z ole 42with
tritiu mlabelo nly at the トpo sitio n w a she ated inthe stro nga cid･ Apartial 1o s s oftritiu m
in46w a s obs er v ed a nd n otritiu mlabel w asfo u nd at the c a rba z ole-4-po sitio n of 47
obtain ed after o xidatio n;c o n s equ e ntly,the scr a mblingc o uldn otha ve o c c u rred bythe
equilibr atio n ofthe c a rba z olebut o nlyby thefo r m atio n oftheindole nin e41(S･chem e
14).
M o r e o v er
,
viden cesthats uppo rtedthepres e nce ofa splr Oindole nin einter mediatein
Pictet- Spe ngle r r e a ctio n w e r e r epo rted by Nakagaw a et al in the re a ctio n of Nb-
hydr o xytryptamines with cystein alsinthepr e s e nce of T F A24)is olatio n52a nd inthe
r e a ctio n of i minethe53,pr epar ed fr o mtryptamin e a nd ben zaldehyde, with chlo r o( ＋
diis opin o c amphenylbo ra n e25), re spectiv ely.
Sche m e1 5 ク′
抑 IN H O H
H ＋
48
Bo cH N
C H O
/智
49
T F A
(1 m o†e3)L＋甘｢
‾ ‾ ‾ → - も′′ 人 N
C H2CI2 H
S C O2Me rt/ 5min
Bo cH
7
b､
ニAT=.2:
50
～
ク′
さ､
N
H
Bo eH N
51(51%)(1:4 de)
＋
N ･ O H
N
H H
N
BO C
H
H
S C O2M e
52(39 %)
W he nNb-hydroxytrypta min e48 w a str e ated withcystein aldel
-ivative 49a nd T V A
(1 m ol eq)in m ethyle n e chlo ride at r o o mte mpe r atu re, a n u n e xpe cted tetr a cyclic
c o mpo u nd 52w as obtain ed as a singleisom e r,in addito ntothe n o r m alβ- c a rbolin e
pr odu cts 51･ T he stru cture a nd ster e o chemistry ofthetetra cyclic c o mpo u nd 52w as
dete r mined bythe spectr al data a nd w a s c o nfirm edby X -ray an alysis, T hefo r m atio n of
thistetr a cyclic c ompo undpr o videdthe e xiste n c e ofthe splr Oindole nin einte r m ediatein
PicteトSpengle r r e a ction c arried o utatr o o mtempe r atu re(Scll e m e15)･
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W he ni mine 5 3, prepa r ed fro mtryptamine and be n z aldehyde, w a str eated with
chloro(-)- diisopin o c a mpheylbora ne, (＋Ipc2B Cl, in methyle n e chlo ride at ro o m
te mper atu r efo r63 ho urs,thetw o optic ally a ctive co mpo u nds, 54a nd 55w e r e obtain ed
alo ng withthe no r m al PicteトSpe nglerprodu ct5 6･ The splr Oindolin e s54a nd 5 5m ay
de riv efr o mthe spo nta neo us reductio n of 53a with(-)-Ipc2B Cl. Theis olatio n of 54a nd
55 didn otpr o ve c o n clusivelythat the splr Oindole nin ew a sthe s oleinte r m ediate ofthe
Pictet-Spe ngler r e a ction,butpr ovi ded a n e viden cefo rthepr esen c e ofa n splrOindole nin e
in the r e a ctio nc o lユrS e(Sche m e16).
On the otherha nd,thegeo m etric ally m o refa v ou r ed 6- e ndo -trig cycliz atio n(Sche m e
l l)ofthe dire ct attack at the indole 2-po sitio nha sbeen show n by Ca s n ati a nd
co w orke r26).
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T he re s ult ofalkylatio n of 3- alkylindole57, g”l ng60in51 %yield,in additio nto
● ■
58a nd59inthe c o mbin edyield 49%, s ugge stedthatin ge n e r althe dir e ct atta ck at
po sitio n2is c o mpetitiv ewithatpo sitio n3 of3- alkylindole(Sche m e17), spe ciallythe
r e a ctiv e alkylatingr e age ntss u ch as allyl halides was u s ed, .
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Quite rec e ntly Mokr o s zeta127)reportedthat the m echamis m ofthe PicteトSpengler
cycliz atio n w asdeducedu si nga nM N D Ocalc ulatio nto a s s u methetr an sitio n stated e nergy
●
ofthe r eactio npath. It w as sho w nthat thefbm ation ofthe splr Oindolenin einte m ediate
64w as athe r modyn amic allyfa v o u r ablepr o c e ssc o mpar ed withadirectC-2pathw ay, 63
(T S1). How e v er, sinc ethe re a rra nge m e nt of 64 into63 in volves ahighe n e rgytr a n stio n
state
,
the direct C-2 pathw ay(TS I)se e m sto be akey stepin the PicteトSpe ngler
cycliz atio n(Sche m e18)I As de sc ribed abov e, the m e cha nis m ofthe PicteトSpengle r
r e a ctio nis stilla mbigu o u s･ Co n clusiv e evide ncesfb∫ eitherpath ar e n ot a v ailableyet,
althoughthe splrOindole nin epathse entohave m ore ex a mples･
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Repo rts o n a sym m etric Pictet
-Spe ngle r r e a ctio n
se v e r alpublished do cu m e nts
･fo r synthe s e s ofoptic ally a ctiv eβ- carbolin es by
a sym m etricPictet
-Spe ngler r e actionin v olv ethe u s e ofe n a ntio m e ric auypu reltryPtOPha n
alkyle ste r o r chir alaldehyde･
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He rmke n sand c ow orkers28)repo rtedthe PicteトSpengle r r e a ctio n of N- hydr o xy
(alkoxy)-try ptopha n and -trypta mine deriv ativ es (v a riation in Rl and R2)67with
aldehyde R4C H O 68 in m ethyle n e chloride at ro o mtemper atu r einthepre s e n c e of T F A
(1 m ol eq),giving a mixtu r e of N
-hydr o xy(alkoxy)A ,2,3,4-tetr ahydro-β- c arbolines6 9
and70inthe r atio 丘･o m18:8 2to0:100(Sche m e19).
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M oreover, in the synthesis oftetr a cyclic eudisto min s2 9), they e mployed
intr a m ole c ularPictet- Spe ngler r e a ction oftrypta min ede riv ativ e s71obtain edfr o mNb-
alko xytryptamine s and chir alaldehyde s, a nd cis a nd tr a ms r atio oftetr a cyclic72a nd 73
w asfro m38:62to0:100(Sche m e20).
Bailey et a13 0)repo rtedthe re a ctio n of Ltryptophan methyle ster74a nd aldehyde
uslngthe range ofr e a ctio n c o nditio n s･ T he se results sho wthatin reflu xlqgbenzen e,the
tr a m sis om er76 isfavored bya r atio ofabout2:1, w he rea satO
o C in methyle n echloride
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the, Gisis o m e r75pr edomin ate sto the e xte nt of >4:l･ Fu rthe r m or e,in 1994, they als o
r epo rteid the use oftryptopha nis opr opyl e ster 77, in stead of m ethyleste r, gave
es sentiallyqu a ntitativ eyield withhighcisdiastere o s ele ctivity, whe nthe r eactio n wa s
co ndu cted in etha n ol-fre edrychlo r ofo m and m olecular sie v es(a ctivated at350
o
Cfor72
ho u rs)atOoCintheprese n c e of TFA 31)
(Sche m e2la nd 22).
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Nu m e r o u sdataforthedia ste r e o s ele ctiv ePictet-Spe ngle r re a ctio nha v ebe e n r epo rted
by Co ok and c o w o rke rs, in which L
-tryptopba nde riv ativ e s a r e u s ed as the startl ng
m ate rials3 2). T he Pictet- Spengler reactio n of Nb
-be n zyltryptophan m ethyl este r o r
ll
is opropyl ester$O with aldehyde in reflu xingbe n z e n eyielded tr ams tetr ahydr o
-β-
c arbolin e82 infa v o r ofcisβ-c a rbolin e81(Sche m e23). Co ok als ode m o n stratedthat
●
the Pictet-Spe ngler r e a ction in renu x l ng be n zen eledto kinetic trapping Ofthe
diaste r e o mer s, wher eas the r e a ctio nin T F A/m ethyle n e chlo ride(25
oC) pr o vided
tetr ahydr o-β- carboline s via ther m odyn amic c o ntr ol a nd in c r e a s ed tr a m s
dia ster eo sele ctivity.
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T heyals o r epo rtedthat the ster e oelectr o nic c o ntr olinthePictet-Spe ngler c o nde n s atio n
of Ⅳb- alkyls ubstitutedtry ptopha n alkyle ste rsba £be e nemployedto pr o m ote loo 鞄
ste r e o s ele ctivityinthispr o c e ss･ The re actio n of Nb-diphenylm ethyltryptopha nisopropyl
ester83 witha c etaldehydein reflu xingbe nz eneyieldedthetra nsdia ste r e o mer85tothe
co mplete ex clusion ofthe c orrespo ndingcisis om e r84･ T histrams stere o spe cificty w as
als o obs erv ed fo rbutyraldehyde a nd cyclohe xylc(vbo x aldehyde33)(sche m e24).
In contrast to a s mentioned abo ve
,
W aldm ann et a134),epo rted a sym m etric Pictet-
Spe ngle r re actio n oftryptamin eha ving a chirala u xiliary witha chir alaldehydes. 外(β-3-
indolyl)ethyla min o a cid este r a nd diffe re ntly s ubstituted ar o m atic aldehydesinthe
pr e s enc e ofa cetic a cid fb- iminiu minte - ediate s whichat6
oCto40｡ C u ndergoPicteト
Spe nglercycliz atio n sto giv etetr ahydr o-β-c arbolin e withdiaster e o m er r atio s upto98.5:
1. 5.
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T hetryptamin ederiv ativ e s88ar e re adilya v ailablebyN -;d kylatio n ofa min o acide ste r
87 withβ-(3-indolyl)ethylbromide o riodide 86at ele v atedte mperatur e a nd inthe
pr es e n c e of N-ethyトdiis opr opylamine(Sche m e25).
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Ifthe se condary amin e88ar etr e ated withthe al dehydesR
2c H Oat6oCto4 0o C in
m ethyle n e chlori de as s olventa nd inthepr es e n c e of 10-15equivale nt ofac etic a cid,the
i minium inter mediate s89ar efo r med in situ . Theiminiu m salt$9cycliz e spontane o u sly
byintra m olec ularatta ck oftheindole n u cle u s o ntheiminiu m m oietyto deliv er the
tetrahydr o-β- c a rbolin e9 0a nd 91 in the s atisfacto ry yields and high to e xcelle nt
diaste re o m er r atio s(upto98.5:1.5)(Sche me26)･
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Sche m e2 7
1)(P P h3)4P d, T H F, m o rpholin e, 92 %
2)D E A C, HoBt, N H3, D M F, qu a nt･
3)(C F3C O)20, NEt3, C H2CI2,7 9 %
4)H Cl/MeOH,heat, 7 7%
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The chir ala u xilia ry of90a nd 91c a nbe r e m o v ed effic e ntly, butin cludings e ver al
steps･ An e x a mpleis sho w nin Schem e27･ Fr o mthe hete r o cycles92the m ediato r of
13
s ele ctivityc a nbe r em o ved by m e a n s ofsta nda rd oper atio n sin a n effe ctie nt m a n n e r. A fte r
depr otection ofthe a min o a cide ster,theliber ateda cidis co n verted intothe c o rreLSPO nding
amide which isthedehydr atedtothe α- amino nitrilebytr e atm e nt withtriflu o r o a c etic
a nhydri de･ Finally, o nhe atingin H Cl/ MeO Hthede sireds e co ndary a min e93 is obtain ed.
Its e n a ntio m eric ho m oge n eity w as a s c e rtain ed by c o n v e r sio nintothe ami de of(S)- α -
m etho xy- α -(triflu oro m ethyl)phe nyla c etic a cid(Mo sher
f
s a cid)a nd s ubs equ e ntN M R
spectro scoplCinvestigation .
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M oreo ve r
,
Pictet-Spengler rea ctio n oftryptamin e94 ha ving(S)-(α)- m ethylben zyl
groupas a chirala uxiliary witha c etaldehyde, glVl ngthe c ompound95 with dia stereom e r
r atio l･8:1
,
w a s e mployed in the total synthe sis of r o eharmine 96 a nd 1,2,3,4-
tetrahydr oro ehar min e97, reported byCo ok
'
sgroup35)(sche m e28).
Inthe c o u r s e of o ur r esea r chpr oje cto nthe synthe sis of biologlC ally a ctiv eindole
al kaloids
,
the Pictet-Spe ngler r e a ctio nhasbe e n utiliz ed a sthekey stepinthe synthe sis
fu mitrem o rglnS B, C a ndeudisto minsha v ebee n r epo rted･
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Inthetotalsynthesis of fumitre m o rgin B36), c37)(sche m e29),it w asfoundthat
'
pictet-Spe ngle r r e a ctio n of i-tryptophan m ethyl e ste r 9 8 with 3- m ethyト3-
phe nylthiobutan al(l･2 m oleq)inthepr e s e n ce of T F A(3 eq)in methylene chloride at
r o o mte mperatu refor 1 hour afforded I,3-cis･β-c a rbolin e(53 %)and 1,3-tram s-β-
c a rbolin e(30%), wher e a sthe r e actio n ofLtryptopha n m ethyle ster with is o v ale ral dehyde
99 inthepre s e n c e of TFA(5･7 m oleq)in m ethyle n e chlo ride atr o o mtem peraturefor2
ho u rsga v e cis-is o m e r100(62 %)andtra n s-is o m er101(33 %), r e spectiv ely.
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Eudisto mins
Fo rthe synthesis ofe udistomin s
24,3 8)(schem e30),Pictet-Spe ngler r e actio n of Nb-
bydr o xytrypta min e102withcystein al 103a s a chiralaldehyde, ga v e nitro nederivativ e
1 04a sthefir stinterm ediate whichpr o videdtw odiastere om er s ofthe Ⅳb-hydr o xy-
15
tetr ahydr o-β- c a rbolin elOS in 97 %L yieldwithdiastereo meric r atio upto 1:41,inthe
pr e s e n c e of T F A(2m oleq)at -78
oC in m ethyle ne chloridefo rlho u r･
Epim e riz atio nin Pictet･Spe ngle r r e a ctio n
Epim eriz ationis a seriouspr oblem du ringtheform atio n oftetr ahydro-β- c arbolin e s,
andse v eralspecific ex a mple s a re r epo rted in thelite r atu re
36b)
･
Sche m e31
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Bailey et a13 0a)ha v e sho w nis o m e riz atio n of 1,3- cis a ndtr a m sis o m e rsof I,3-
dis ubstituted-β-c arboline s. Pur ecis-I,3 disubstituted-β- c arbolin e106 w a s c o n v ertedto
bothcis106a ndtr a ms10 7pr oductsinthe r atio of1:2 with highoptic alpu rity whe,nit
w a str e ated witha cidatr eflu xinbe n z e n e. M o r e o v er
,
by chir al H P L Cr ete ntiontirn ¢s
epim erizatio nhad o c c u rr ed at C
-1 ofP-c arbolin e, indicatingthat the ther m odyn amic
pr odu ct(tra ms -is o mer)isfo r m ed bythe reversibility ofthePictet-Spengle r r e a ctio n, r ather
than by a separate me chanis minv olving epim e riz atio n(andpartialr a c e mizatio n)atC-3
(Sche m e31).
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Epim e riz atio n oftetr ahydro･β- c a rbolin ein the presen c e of a cid ha v e als obe e n
e xplain ed by Co ok a nd c o wo rke rs39)u sing cis andtra ms - 1,2,3-tris ubstituted-β-
c a rbolin e s, 108a nd11 a s sho w ninSche m e32. W he n either108o r11 w ashe ated
in r enu xl ngbe n z e n e, n ointer c o n v ersio nbetw e e nthetw ois o m ers w as obs erv ed. It w as
de m o n str atedthatGis-is o m e r108c o uld be c o mpletelyc o nve rted intothe tr a m s-is o mer
1
lilo nhe atingl n r enu X l ng m etha n olinthepr es e n c e of l % H Cl;but trams-is o me r111
r e main ed u n affe ctedwhe ntreatedu nde rthe a n alogo us c o nditio n･ Sin c ethe eplm e riz atio n
o c c u rr ed o nly at theC-1 ofGis-is o m e r,108w a s c o n v erted intothetram sis om e r111(-
36･6o)with a n opticalr o atio nide ntic altothat oflil(-36,8
o
)within e xperim entale rror.
T he optic alpurity ofthese co mpo u nds was v e rified bythe u s e oflH - N MR chir alshift
re age nt. Fu rthe r e vide n c eforthe epl m eriz atio n at the C-Ipo sitio n ofcisis o m e r10 8to
pr o videtr a m sis o m e r11 w a s obtairled o nis olatio n ofm ethylethe r113a nd al ke ne112.
汐′
も､
”
H
ク′
≧ヽ
N､
､ /
C O2M e
●■
へ
NO2
11 4minoris o m er
Sche m e3 3
AcO H/P h H
80oC
3 d
ク′
さ､
N
H
115m aJO ris om er
In asym m etric stee ring OfthePictet
-Spenglerre a ctio nby m eans ofamin oa cide sters
as chirala u xiliary gr o ups, W aldm a n n andco w orke r
34)als o干ePOrtedthephen om enon of
epl m e riz atio n･ Whe nthe min o r ste r e ois o m erl 14w astre ated witha cetic acid in be nze n e
at80oC for3 days,it n e arly qu a ntitativ elytra nsferredtothe major Ster eOis om erl15･
How e v er
,
at25oCthis epl m eriz atio n c o uldn otbe observ edatalla s sho w nin Sche me33･
Fr o mthe s e obs e r v ation sthey c o n cludedthatthe fo r matio n ofthe PicteトSpe ngler
pr odu cts w askin etic ally c ontr olled, but the m ajo ris o m e r115 obtain ed w a sthe
the m odyna血 c ally m o r e stable c o mpo u nd･
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Pr opo s ed m e cha nis m fo r a cidc atalyz ed epl m e riz atio n
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Itw as clear that epim eriz ation ofthetetrahydr o-β-c a rbolin e sha v e o c c u rredin the
prese nc e ofacida ndthepr opo s ed m e cha nism for eplm eriz atio n w as e xplain ed byCo oket
a140).
The cis tetr ahydro-β- carboline 11 6w a s stirr ed with deute r atedT F A(2 m oleq)in
m ethylene {hlo ride atro o mte mperatu r efo r12ho u r s, a ndthe n a n alys edbylH - N M Ra nd
m a ss spe ctr o s c opy･ It w a sfo u ndthat n o e videncefo rde uteriu min c o rpo r atio n atC-1 of
116, a ndthe refo r etheypo stulatedthe mecha nism ofepl m eriz atio nin v olv edthe cle a v age
of C(1)- N(2)bond as sho w nin Sche m e3 4.
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In additio n
,
a cidc atalyヱed r ac e miz atio n oftetr ahydr o-β-c arbolin e120to125 als o
o c c u r r edbytheC(I)a nd N(2)bo nd cleav age, w hichreported by Co ok35)in the total
synthe sis of I,2,3,4-tetr ahydr or o eha rmin e120(Schem e 35)･
Acylatio n mediated a sym m etric Pictet･Spe ngle r r e a ctio n of trypta min e
Theβ- c a rbolin es c a n als obe obtain ed by m odified PicteトSpengler r e a ctio n which
in v olv e sthe r e a ctio n ofpr e
-fo r m edSchiffba s ewitha cidchloride o rLewis acidas a n
ele ctr ophile･
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Tbe repo rts o nthede v elopm ent of Pictet
-Spengler re a ctio n oftrypta min e uslng a cid
chlo rideha v ebe e npublished:for exa mple,thePictet
-Spengle r r e a ctio n oftryptamine19
a nd 3- m ethyl but-2- e n a1 126 fu r nishedthei min e1 27whichcyclized withpyridin e
-to syl
19
chlo rideto givetheN-to syトtetr ahydr o-β- c a rbolin e128(Sche m e36),ha v ebe e n r epo rted
by Harris o n
41)
.
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M o r e o v e r, Sakaia nd c o w o rker s42)als ode s cribedthe PicteトSpengler rea ctio nin
apr otic m edia u singchlo r ofo r m ate sinthe sho rtsynthe sis ofbo rerin e(Sche m e37).
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Si mi 1ar1y, a chlo r ofo r m ate-indu c edcycliz atio n ofaL-tryptopha nimin e130afo rdeda
1,2,3,4-tetrahydro-β- c arbolin e131whichw a s elabo r atedto6-dem etho xyfu mitr e m o rgin
c, hav ebe e n reported by Malley and Cav a43)(sche m e38).
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Re c e ntly, W aldm a n n a nd c o w orker s44)repo rted a cylatio n m ediated asym m etric
Pictet-Spengle rre action ･ W he nthe Schiff ba se132･ whicharederived fro m trypt amin e,
ar etr eated withtheN
･N -phthaloyl-prote cted a mino a cidchlorides1 33 intheprese nce of
titaniu m alkoxides like Ti(OnPr)4 a nd Ti(Oipr)4in m ethylene chloride at ro o m
20
r o o mte mpe r atu r e, the de sir ed tetr ahydr o-β- c a rbolin e s13 5a nd 136 ar efo r m ed in
s atisfa cto ry yields a nd withe x c ellentdiaste r e o s ele ctivity(Sche m e39).
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The u s e ofa cidchlo rideinthePicteトSpe ngler l
･
e a Ctio nha v e als obe e nrepo rted inthe
study oftotal synthe sis of fu mitre m o rgin B, by ourlabo r atory3 6)(sche m e40). L-
tryptopha n methylester7 4w astreated withthe al dehyde 99 in m ole c ular sie v es 4A-
m ethyle n e chlo ride atr o o mte mper atu r etofo m the c o rr espo ndingSchiff ba s e,to which
N - Cbz-L-pr olylchlo ride137a nd K2C O3 Were added･ T he tra n s-dipe ptide1 39(4 1 %)
w as obtain eda sthe m ajoralo ng withthe cis-dipeptide140(4%)･
2 1
2. Str ategyfo rthe Asym mやtric Pictet･Spe ngle r Rea ctio n
Sche m e41
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We ha v ebe e nintere sted in e xplo ringthe synthetic utility ofthe asym m etric Picteト
Spe ngler rea ctio nto obtain the optic ally a ctiv e1-s ubstituteか1,2,3,4-tetr ahydr o-β-
carbolin e s･ Forthispu rpo s e,in o u rlabo r atory, asym m etric Pictet-Spe ngler re a ctio nis
studiedo ntheba s e oftbe str ategya s sho w nin Schem e41.
Since asymrrletricPictet-Spengler r e actions oftryptamine witha chir al al dehyde shave
be e n m uch les sexte nsiv ely studied, w e ha ve to e mploytryptamirl ederiv ative ha vi ng
cbir ala u xiliary141 as ste r e o c o ntr olle rinPictet-Spengler r e a ctio n witha cbir al aldebyde
17･ T he chiral auxiliary ofthe r e s ultingβ- c arbolin e142will be r e m o vedto affo rdthe
opticallyactiv e1-s ubstituted-tetr ahydr o-P- c a rboline143(Ro ute1).
Route 2 will inv olv ethe asym m etric Pictet- Spe ngler l
･
e a Ctio n ofpre-fo r m ed Schiff
ba s e1 44
,
de riv ed 丘o mtryptamin e1 41a nd aldehyde 17, with cbir al Le wis a cids o r
cbir ala cidcbloride s a s electropbile stoin cr e a se the r ea ctivityof C=N a ndto c o ntr olthe
stereo s ele ctivityin a ninte rm ediateiminiu m io n145,fr o m whichthede sir ed optic ally
active トsubstituted-tetr ahydr o-β-c arbolin e143wi 11 be obtain ed afte r w o
.
rk-up m ethod.
22
Ro ute3 will be asym m etricPictet-Spe ngler r e a ctio n ofnitr o ne146, obtain ed bythe
r e a ctio n of N-hydr o xy tryptamin e141(R
*
=O H) and aldehyde 17, with a chir al
ele ctr ophileto昏Ⅳ e a ni miniu mio n147, a ndthe nwi 1laffo rd N-hydr oxyde riv ativ e148･
The l･equir ed opticaly activ e1-s ubstituted-tetr ahydr o-β- c a rbolin e143willobtain ed afte r
r edu ctio n ofN-hydr o xyderiv ativ e148.
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3. Re s ults a nd Dis c u ssio n
Synthe sis ofchir al tryptamin ederiv ativ e s
sin c ethe u s e ofchir ala mines a sa chirala u xilia ry
45
,
46)a nda chir aibuilding
blo ck4 7)ha s e xte n sive applic atio nin m ode rnsynthetic o rga nic che mistry, w e u s edthe
e a sily re m ov able chir al m ethyl be n zylamin e a s a u xilia ry to de s c ribed the
stereo s ele ctivltyin a sym m etricPicteトSpe ngle r re a ctio n･
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C hir altrypta min ede riv ative s,(S)- N-(β-indolyl)ethyl- α -phenylethylamin e1 60a nd
(R)rN-(β-indolyl)ethyl- α -phenylethylamin e16 1, fo rthe PicteトSpengler r e a ctio n a nd
(tt)- N -(β-indolyl)ethyl- α -phenylethyla min e1 59, w e r epr epar ed by the tw o differ e nt
m ethodsfr o mindole149a ssho w ninSche m e42.
In the m ethod 1, ethyト3-indolylglyo x alate 15 0w aspr epar ed intotalyield 80 %by
the re a ctio n of indole1 49a nd o x alylchlori dein abs olute ether atr o o m.te mper atu r efor
2 ho ursfollo w ed byr eflu xlngln abs olute etha n ol inthe pre s enc e oftriethyla mine･ T he
24
spe ctr o s c opic datafo r且50 w er e c o n siste nt withthose repo rted48). Lithiu m aluminiu m
hydride r edu ctio n ofglyo x alte150in renu x lngT H F fo r4 ho ur sga v etryptophol 151in
88 %yield,the spe ctr o s copic datafo r which w e r e c o n siste nt withtho s ereported
49).
Br omin atio n oftrytophol151 with P Br3in the pr e s ence ofpyridin ein reflu x lng
be n z e n efo r5ho u rs affo rdedindole-3-ethyl bro mide152 in51 %yield. The r e a ctio n of
thebr omide且52with(S)-ト)α -phenylethyla min e154 in r enu xingT H F inthepre s e n c e
of N- ethyldiisopr opylamine, EtN(lPr)2fo r45 ho u rsga v ethede sir eds e c o ndary a min e,
(s)-N -(β,indolyl)ethyl- α ･phe nylethyla min e 160 [mp: 108- 109oC (Ph H), [α〕D25
-6l.58o(c=1.0, MeO H)],in51 %yield34)(sche me42).
M ethod2involv e sthe r e a ctio n ofindole149a nd o x alylchloridein abs olute ethe r at
r o o mte mpe r atu r efo r2 ho u rs, a nd the n fol o wed by N- a cylatio n of(S)-( ＋α -
phe nylethyla min elsd in T H FatO
oC fo r2 hou rstogive(lS)-Nb- α -Phe nylethylindole-
3-glyo xylamide157 in o v e r allyieldof77%
5 0)･ Redu ction of ami de157with LiAIH4
a nd A IC13inTH FatO
oCto r o o mte mpe ratu r efo r o v e r nightga ve thedesir eds e c o ndary
amin e,(s)≠(p-indolyl)ethyl- α -phe nylethylamin e160 in 62 %yield51)(sche m e4 2)･
(l R)-N -(β-indolyl)ethyl- α -phenylethyla mine161[mp:109- 110
o C(P h H),
[cL]D25＋62.13
o
(c=1.0, MeO H)],the en a ntio m e r ofsec ondary amine 160, w a sprepared
by the m ethod 2, giving the similar chemic alyieldas(1S)- N-(β-indolyl)ethyトα -
phe nylethyla min e 160･ (±)- N-(β-indolyl)ethyl- α -phe nylethylamine 1 59 [mp:
24 5- 24 8oC(P b E)]w a s als o syntbe s ed bythe method 2, obtainingthelow e r cbe 血 c al
yieldtha nthe c o rr e spo nding(S)a nd(R)en a ntio m e rs, 160a nd 161･
Fo rthepr epa ratio nofthe sta rtlng m aterialofthePictet
-Spe ngle rre a ctio n,it w a s
obs er v edthat the m ethod 2 is more better than the m ethod 1 be cause of the short
r e a ctio n steps withthebetter chemicalyields･
25
Asym m etric Pictet･Spengle r･r e a ctio n of ehir al N-(β-indolyl)ethyi撒
phe ny)ethyla min e
sin c ethePicteトSpengler r e a ctio nisge n e r allyc a rried o utinthe pr e s e n c e ofacid
34,
51)
,
it w a sfir st ex a min edthe PicteトSpengle rcyclis atio nbythe re a ctio n of1,60with
be n zaldehyde 162ain methyle ne chlo rideinthepr e s e n c e ofa c etic a cid(1-15 m oleq)
ムrtrinu o r o a c etic a cid(0.5-10 m oleq)or0.1 N H2SO4(3 m ol eq)atr o o mte mpe ratu l･e
fo r24-120 ho u rs and atr eflu xte mpe r atu refo r5ho u r s(Sche m e43),butthe r e a ctio ndid
n ot take pla c e(Table I, r u nト5), in c o ntr a st to the si mila r r e a ctio n of N-(P-3-
indolyl)ethyls ubstituted amin o a cide ste r34).
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Table 1 T he re s ults of Pictet-Spe ngle r re a ctio n of 1 6 0withbenz a)dehyde1 62ainthe
pr e s e n c e ofpr otic a cids u nder v ario u s c ondito n s
re c o v e rd
1 64a ＋1 65a 16 4a ＋1 65a
1 6 0(%)
Ru n Acid(m oTeq) solv,e nt Te mp Tim e(h)Tie.I9(_%)” -
Diaste r e om er Ratio a
T F A(1 0)
rtc H2C12
40oC
AcO H(1 5) C H2C12
rt
40oC
0.1 N H2S O4(3) C H2C)2 rt
a 4
5
48
5
48
T F A(1) C H2Ct2 rt 120
N R
N R
N R
N R
T F A(0.5) P h H rt 240 N R
50
65
咲)
(I)
60
It w as also w ell do cu m e nted12, 32, 33, 3 6b)the PicteトSpe ngler cyclis atio n c o uld
o c c u rin n o n a cidic
,
apr otic m edia･ T herefore, the re a ctio n of 160with be n z aldehyde
162ain boilingbe nzene gavetheβ- carbolin es1 64a and 1 65ain highyielP(96 %),but
nodiastereo s electivity w a s obse rved(Table2, m n 1)(Schem e44).
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The results of Pictet･ SpengTe rre actio n of 1 6 0withben z aldehyde 1 62a witho ut
acは昏 u nderdiffere ntcond托io ns
Ru n solv ent Temp
T
(
i
h7
e Yield(%) Dia stere om e rRatio a)
164a ＋ 16 5a 1 6 4a :1 6 5a
1
2
3
4
P h =
P hH
Ph納e
Ph‖
r¢†lux
reflux
72
48
r eflu x 48
r ef)ux 48
!拓
!拍
㈲
防
50:50b)
53:47
50:50
51:49C)
Note:in r un 2,3 and 4, Dean-Stark s eparato r c o ntaining m ole c u[a r s eiv e4Å w a s u s ed
a)deter min ed by
lH ･ N M R
b)dete rmined byfra ctiona)crysta]ljs atJ
'
o n
c)(F7)161w as u sed
Figl･ X･ray structu re o- 1 65a
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T hedia ste re o m eric r atio w a sdete rmin ed bylH- N M Rofchr o m atogr aphic a”y
＋
pu rified mixtu r e of164a a nd165a atC
-1pr oto n s･ T hepr ot
･
o n slgn aユs ofthe pr oto n at
C- トpositio n appe ars at84･9 2a nd84･78 fo r164a a nd165a･ re spe ctiv eiy･ T hePicteト
Spenglerprodu cts164a a nd 1 65a c o uldn otbe s epar ated bychr o m atogr aphy,but w e r e
s epa r ated byfr actionalcrystalliz atio n, a ndthe str u ctu r es w e r edete r min edby
lrⅠ-= MR
spectr o s c opya sw ellas
13c- N M Ra nd m a s s spe ctr o s c opy･ The abs olute c o nfigu ratio n
ofthe s epr oducts were co nfirm ed byX
-r ay a n alysis of165a(Figur e1)I
Renu xing with De a n-Sta rk w ate r s epar ato r c o ntaing m ole c ula r s eiv e4Åga v ethe
simila rche mic alyielda nd dia ster e o m er r atio withsho rter r e a ctio ntim e(Table2, r u n1
a nd 2). T he change of s olv e ntfr o mben zene to tolu en egiving a slightdec re as ein
che mic alyieldw a sals o obs erved(Table 2, r u n3)･ The r e a ctio n of161,the e n a ntio mer
of 1 60, with be n z aldehyde 162agav ethe similar chemic alyielda nddia ste r e o m er r atio
(Table 2, ru n2 and 4).
T he re a ctio n of 160 with be n zal dehyde162a w a sfurthe rin v e stigatedu nde r a v a riety
ofpr otic a cidic c o nditio nin boilingbe n z:e n e a ndthe r e s ults ar e o utlin ed in Table 3
(Sche me 45). T hefir st u sed a cidw a s acetic acid(1 m oleq)a nd affo rded 85% yieldof
theβ-c arbolin e s a nd 51:4 9of dia ster e o m e r r atio(Table 3, run 1). T hePictet-Spe ngle r
r e a ctio nwith di 胎r e nt a m o u ntof T F Aw a s e x a min ed･ The u s e ofT F A(3 m oleq)gave
39 %yield with 50 % de, whe r e as with T F A(0.25 m ol eq)the yieldofthe r e actio n
in crea sed upto 96 %, altho ughdia stereo me r r atio didn ot cha nge. On the othe rha nd,
whe n alarge e x c e s s of T F A(10m oleq)w a s e mployed, n o r e a ctio n o c c u rr ed. Ho w e v er,
with T F A(0･5 m ol eq)thebe str e s ult w a s obtain ed, givingtheP- c arbolin esin 71 %
che mic alyieldand 72 % dia ste re o m e rex c es s(Table3, ru n2-6). W ithp-tolu ene sulfo nic
a cid, TsO H(1 m ol eq)the r e a ctio nga v etheβ- c a rbolin e sin 43% yieldand 40 %of
dia ster e o m e r e x c e s s(Table3, m n 7). N o rea ctio n w as obs e r v ed when m etba n e s ulfbnic
acid, MsO H(0･5 m oleq)w a s used, but with MsO H(0･05m oleq)ga v ein 15% yield
with 49:51ofdia ster eo me r ratio･(Table3, run 8 and 9)･ M oreove r, withO･5 m oleq of
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Table3 T he res u一ts of Pictet･ Spengler reactio n of16 0with Ben za]dehyde 1 62ainthe
pre se nce ofprotic a cidsin refTu xingben ze ne
Ru n Acid(m oleq) Time(h) Yield(%) Dia stere o m e rRatio
a
r e c o ver ed
1 6 4a 十1 65a 1 6 4a :1 6 5a 1 60(%)
1 AcOH(1 eq) 2 4 86 51:4 9
- ■■ ●■ ● ■ ●■ ● ■ ●{ = - 1 - 1N - 1- ■ - - - ■■ -- ■■ - -→ - ● ←■ l■ - l - ■ - - →一 - - ●- - - - - - -I I→ ■→ ← ■ - - I Il l- 1- - - ■ - ■ -
← 一 IN - 1 - - 1 一 ■ ●■ - -■ ●
2 T FA(10) 48 N R
T F A(0.5) 24 71 86:1 4
4 TFA(OR5) a4 96 75:25
5 T F A(3) 2 4 瀞 75:25
6 TFA(O S) 24 b)
l■■ - ■ - ■■■
7
■ ■ ●一 - ■■
8
T$OH(1)
M$O H(0-5)
48 43
120 N R
9 MsO H(0.05) 48 15
7 0:3 0
EX)
- ～ -
3)
■■ - - ■ H - ■ ■ - - - - ■ l ■ - ■ ■ ～ ●一 ●一 }
40
50
49:51 :氾
_ - - - - - -- - - - - - - - - - - -I - - - Il l- -
- - - - - - - - - - - -I - -
- - - - - - - - ‾ ‾ - - 1 I 1 ‾ - - -
.
10 HClin MeO H(0.5) 48 65 52:48
a)determin ed by
lH･ N M R
b)(”)161 w as us ed
H Cl in m ethanolthe rea ctio nga vetheβ-c arbolines in65 %che mic alyieldand 5 2:48of
diaster e o mer r atio(Table3, run10)･
out ofthepr otic a cids u s edthebe stdiaste reoselectivity
w as observed when
trifluo r o acetic acid(0.5 m ol eq)w a s u s ed(Table 3, ru n3)I It w as als ofo u ndthat the
a m o u nt oftrinu or o a c etic acid u s ed ha salittle influ e n c e o nthe diaste r e o mer r atio
(Table3, ru n2-6)a nd other a cids s u ch a sTsO H, MsO H･ a nd H Cl(in MeO H)ha v ele ss
influ e n c e o ndiaste r e o s ele ctivity(Table 3, l
･
u n7- 10)･ T he be stdiastere o s el ctivity
obtained whe r eT F A(0.5 m ol eq)is u s ed in boiling be n z e n e(Table 3, r un 3) w as
c o u nte r- che cked by pe rfor mlng the re a ctio n oftryp
ta min e derivative 161, the
29
e n a ntio m e r of160
,
with be n z aldehyde162a u nde rthe s a m e c o nditio n,gl Vl ngC nト164a
●
a nd e nt･165ainthe similar che micalyield(71 %)a nd dia ste re o m er ratio(84:16)within
e xpe rim e ntale rr o r(Table3, r un3 a nd6)･
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Ne xt, Ials o e x a min edthe effe ct ofcha nge of a cid fro mpr otic a cidstoLe wis a cids
in o rder to impr o v ethe dia ste r e o s ele ctivity(Sche m e46)･ First, the PicteトSpe ngle r
r e a ctio n of160with be n z aldehyde 16 2a w a s c o ndu cted by usi ngtriphe nyl bo r ate,
ち(P 血o)3(1 m oleq)inbenz e n eor C H2C12 u nder v ario u sre action conditions(Table4,
r un ト4)I Althoughthe impr o v e m ent of dia stere o selectivity w a s n o t obs?rv ed(abo ut
20 % de), the re actionin r e加 xingbenz ene gave theβ- c arbolin esin go odyield(96 %)
within shorterr eaction tim e(5 hou rs)(Table4, ru n1). Se c ond, B F3･O Et2(0.5-1.0 m o1
3 0
eq)w as u s ed asLe wis a cidinbe nzen e o r m ethyle n e chlo ride u nde r v ario u s r ea ctio n
conditio n(Table 4, r u n5- 10)･ T he betterdia ste re o s ele ctivity(80:20)w a s obser v ed
whe nthe re a ctio n w as c o ndu cted withBF3･OEt2(1 m oleq)inthe m ethyle n e chlo ride
atr o o mte mpe r atu r e(Table4, r u n8), altho ughthe che mic alyieldw aslow ingener al,
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Table 5Re s ults of the re a ¢tio n of16 0withbe n 之a】dehyde1 62a u nde r v a riou s co nditio n sin
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As Y b(O Tf)3 r eage nt W a s utiliz ed a s aLe wis a cid in Diels
- Alde r r e a ctio n sby
Kobaya shieta1
53)
,
I e mployedthis r e age ntin Pictet
-Spengle r reactio nin benz e n e･
31
m ethylene chlo ride o rT H Fas s olv e nt u nderdiffer e ntr e a ctio n c o nditio n s(Sche m e47),
but theβ-c arbolirl eS W ere Obtained inlo wyield with n odia ste r e o s ele ctivity(Tab王e5,
r u n1-5). Fin ally,I u s ed Et2AICl(1 m oleq)asLe wis a cid(Sche m e47)･ Altho ughn o
impr ove ment of diaste r e o s ele ctivity w a s obs e r v ed(Table5, n l n6-10),theβ-c a rbolin e s
w e re obtain ed in 5 0 %yieldwith34 % de whe nthe r e a ctio n w a s c o ndti Cted at r o o m
te mper aturein m ethyle n e chlo ridefo r24 ho u rsinthepre s e n c e of Et2AI Cl(1 m oleq)
(Table5, r ur17).
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Table 6 T he re s ults ofthe r e a ctio n of 1 61with be n z aldehyde 1 6 2ain the pr es e n c e ofchiraI
Le wis a cidsin r efJu x ]ng be n z e n e
yield(%) Dia stereo m er retio
a
Tim e
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Note･. Allr.e sults are Dr. Ka w ate
'
s data
T he use ofthe chir al boron r eage nt, de riv ed fr o m(R)- o r(S)-bin aphthola ndtriphe nyl
bo rate
,
in asym m etric a z a- D iets- Alde rrea ction andsynthesis ofenatiorherically pureβ-
amino e ste r via do uble ste r e odiffer e ntiatio nhave been de s cri bed by Ya m a moto54). In
32
the e v e nt, w e e x amin edthe PicteトSpengler re a ctio n oftryptaminede riv ative1 61 with
be n z aldehyde 且62a e mploying chiral boron r e agent, obtained fr om (R)- and (S)-
1
bin aphthola ndtriphe nyl bo r ate,in r enu xingben zen e(Sche m e48), andthe re s ults w er e
o utlin ed in Table6. Fr o mthe l･e S ults ofr u nlto4
,
it w a sfo u ndthat, withchiral bo r o n
re age ntstheβ･c a rbolin e s w as obtain ed withthelo w eryield(11%to35%)andthepo or
dia ster e o s ele ctivity(22%to46 % de).
ln c o rlClu sio n, allofLewis a cids e x a min ed a s a n a cid ha v enoinnu e n c etoimpr o ve
thedia stere o s el ctivityofthePictet-Spe ngle r r e a ctio n whe nco mpar edtothe r e s ult that
obtain ed whe reTF A(0.5 m oleq)w a sused in reflu xingbe nz en e(Table3, r un 3)･
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Table 7 PicteトSpe ngle rrea ctio n of 1 6 0withbe n ヱaldehyde 1 62ainthe pre s e n c e of
chiralpr otic a cidsin reflu xing be n z e n e
r e c o v e r ed
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6 5a 1 64a :1 6 5a
1 60(%)
yield(%) Dia ste re o merRatio
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Inthe c o u rs e ofthe re a ctio n, theiminiu minte r m ediate163a w a sfirstfo r m ed
in situ
andtheintr a m ole c ularindole nucle us attack at theiminiu m fu nctionalityto g
lV eeithe r
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トs ubstitutedtetr ahydr o-β- c arbolin e s164a or165a(Sche m e49)･7t w a s a nticipatedthat
chir alc o u nte rio n sX･ w ould belo c ated n e arthe positiv ely charged nitroge n a nd w o uld
have aninnu e n c efo rthedis c rimination ofTCfa c e s of C=N＋doublebo nd.
Fo rthis purpo s e, d-c a mphors ulfo nic a cid16 w as s ele cted a sa cbir al a cida ndthe
picteトSpe ngle r r e actio n of 160 w a s c a rried out withit, gl V l ngin57 %che mic alyieid,
●
but theimpr o v e ment ofthe dia ste r e o s ele ctivity w as not obs e r v ed(Table 7, r u n1)～ T he
re actio n of 161,the en a ntio m er of 1 60, withthis a cidals ogavethe simila r r e s ult(Table
7, run 2). ln the ev ent, the chir al a cids s uch a s(S)- m a ndelic a cid i67, N -to syia mino
a cids1 68, 169a nd 170w e r e als oe x amined, T hes e a cids s u rpisinglyfu r nishedtheβ-
c arbolin e s164a a nd165ainhighyields within a sho rtr e a ctio ntim e. Unfo rtt m a絶1ythe
impr ov em e nt o ndia ste re o s ele ctivityofthe r ea ctio nw a s not obs e r v ed withthe s e chiral
a cids･ Ho w ev erthisisthefir芦t e x a mple s ofthe PicteトSpe ngle r r e a ctio nc atalys edby
chir ala cids sヮcha s, 166,167,1 68,169, a ndlワo(Table7, n m ト6)･ T he s e chir al a cids
ar ere adily available
･
,
d- c a mpho rs ulfo nic a cid 166 a nd(S)- m a ndelic a cid 167w e re
co mm e rcially available, and N-to syl amin o acids, s u ch a s1 6 8,16 9a nd17 0w e r e
r e adily pr epared fr o m I,
-pr oline 19 1, D -pr oline 1 92〉 a nd I, -try ptopha n193,
r e spectiv ely, bythegen eral m ethod withgoodyields
55)･
W e als o studied the effect ofthe solve nt o nthe diastere o s el ctivity ofthe Pictet-
Spengle r re actio n of 160with be n z aldehyde 1 62ain r enu x l ng S OIve ntinthe pre s e nc e
oftriflu o r o ac etic a cida s a cid
,
a ndthe r e s ults w er e s um m aris ed inTable8(Sche me50).
Out ofthe s olv e nt e x a mined, ben zene ga v ethe bestdiaste r e om eric r atio with high
che mic alyield(Table 8, m n1)･ M o re ov e r,it w a s obs er v edthat the bi宮h boiling point
s olv e nts s uch a sdio x ane a ndtolue n e
, ga ve theβ- c arbolin ein high che micalyields
(Table8, m n3 a nd 4), wher e a slow boiling points olv e nts s u cha s a c etronitrile a nd T H F
ga v ethepr odu cts withpo o r chemicalyields(Table8, run 2 a nd5), andthe rea ctio ndid
n otpr o c e ed in m ethylen e chloride(Table8, m n6).
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Table 8T he r esults oずthe Pictet-Spengler re a ctio n of1 60with be n z aldehyde 1 6 2ain
refluxingdifferent s olv e ntsinthe pr e s e n c e of T F A
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In o rderto e xplo r ethege n ¢r ality andthe s c ope ofthe abovePicteトSpe ngler
cycliz atio n, a serie s ofr e a ctio n sw e re c o ndu cted with v
arious aldehyde s, in cluding
ar o m atic a nd aliphatic aldehydes, u nde rthe optimis ed r e a ctio n c o nditio n(i･e･ in
r enu xingbe n ze n einthepre s e nc e of TF A(0･5 m oleq), a ndthe re s ults a re o utlin ed in
Table9(Sche me5 1)I
It w a sfo u nd,inthisPictet-Spengler r e a ction, thatpar a
- s ubstituted aro m atic
aldehyde(i･e･ ,both ele ctr o n
-do nating gr o up, p- m etho xybe nz aldehyde162bandele ctr o
-
with dr awing gro up, p
- nitrobe nzaldehyde 1 62c) ha ve no effe ct to improv e the
diaste r e o sele ctivity as co mpare to a n u nS ubstituted ar o mati
c aldehyde, benz aldehyde
162a(Table9, ru n_
1･ 2･ a nd 3)･ In additio n･ alicyclic aldehyde, cyclohe xylc arbaldehyde
162dals oga v e c o rr e spondingβ-c arbolin e s withlessdia ste r e o s ele ctivity(Table9, r u n
4). T he r e a ctio n with aliphatic aldehyde s u ch a s a cetaldehyd
e 16 2e a nd
is o v aler aldehyde162fsho w edpoo rdiaster e
o s ele ctivity(Table97 ru n5 a nd 6)I
35
Sche m e51
ク′
さ､
N
H
160
R C HO 1 62
H N
y
Me, FA(0･5 n oteq)
ph
P hH /ref)u x
ク′
b､
N
H
1朗
”
7
”
Ph
＋
e
ク′
むヽ
H
165
＋
◆
*
-
R
”
y
即位
Ph
Table 9 T he r e s ults ofthe r e a ctio n of1 60with va rio us aldehyde $1 62inth伝Pr e S 母n C e Of
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The che mic alyieldofthe s ePicteトSpe ngler r e a ctio nde c r e a s ed with bulkier
aldehyde, andthe r e a ctio n withpiv alaldehyde 162gdidn otpr o c e ed･(Table9, n m7)I
r
Re m o valofchir ala u xiliary
Thedeter min atio n of abs olute c o nfigu r atio n of Pictet
- Spe ngle r re a ctio npr odu ct w a s
c arried o ut withthe m ajorproduct1 64ethat obtain ed fr o mtry pta min ederivative160
witha c etaldehyde1 62e, asthe r epr esentativ e e x a mple･
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T hehetero cycle164e w as subje ctedto hydr oge n olysis u singP d(O H)2 0 n C a rbo nin
AcO Etatr o om te mpe r atu r efb∫24 ho u rsto r e m o v e cbir al a u xilia ry, gl V l ng トm ethyト
1,2,3,4-tetrahydr o-β-c arbolin e171 in 63 %yield(Sche m e5 2)･ T he r e s ultant pr odu ct
･171 w asidentified with a n a uthe ntic s ample 5 6)in IR, 1= - N M Ra s w ella s optic al
rotation(【α]D25-5 l･7
o
(c= 1･0, EtOH),lit:[α]D25 -52
o(c= 2･0, EtO=)), a ndthe r eby
36
the abs olute co nfigur atio n atC-I of I,2,3,4-tetr ahydr o-P-c arbolin e1 71 hasfo u ndtobe
(S)- c o nfigu l
･
atio n.
Fa cilerem ov alofthe chir ala u xilia ry m akethis chir al PicteトSpenglerre action
po s sibletobe aprepa ratio n ofoptic allypure1-s ubstituted-tetrahydr o
-β-carbolines･
Studie s o neplm eriz atio nin Asym m etricPictet･Spe ngler re action
●
T he r elatedPicteトSpe ngler r e a ctio n u si ngtry PtOPha nde riv ativ e sinthepr e s e n c e s of
a cid
,
it w a spr opo s edthatinthe s e cycliz atio n sthe pr odu ct ratio s ar edetermin ed by
therr n odyn amic c o ntr o1
30, 32)IIn other w o rds,it w asalso kn o w nthatkin etic ally
c o ntr ouedcycliz atio n a re a chie v ed whe ntryptamin ede riv ative sha v l ngChir ala u x
ilia ry
amino a cid e ste rsinthepres6nC e S Ofa cidw a s u s ed inthePicteトSpengler r e a ctio n
34)･
w e als o, the r efo r e,in v e stigatedthe r e a ctio n sin o u rha nd ar e whetherthe re s ult of
therm odynamic orkin etic c o ntr olu singboth is o mers, 164a a nd 165a, obtained fr o m
the
l
･
e a Ctio n oftryptamin ede riv ativ e160 with be n z aldehyde162a, a s e xample e xpe
rim ent･
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T he re s ults of a cid c atalys ed epl me ris at
･
L O n O n1 64a a nd 1 65ainthe pre s e n c e of
T F A(0.5 eq)in r eflu xl ng be nz e n e
Phs pr odu ct
1 65a
1 65a
1 64a
Re a ction Tim e
(h)
Dia ste r e o m er Ratio
1 64a :1 65a
6 82:1 8
別 82:1 8
6 82:18
a)
a)deter min ed by
l=･ N M R【1･ 州(84･92)of1 64a :l
･βH(84･78)of 1 65a]
T hepu rified min o rpr odu ct, α
-is o merha ving phenylgroup at the トposition ofB-
c arbolin e,165a w a s reflu xed with TF A(0･5 m oleq)in reflu xingbe n z e n efo r6
ho urs
a nd 24 ho u rs, r e spe ctiv ely･ A fte r6 ho u rsthedia ste
re o m er ratio of164a a nd165a w as
fo u ndtobe82:18 bylH- N M R･ The s a me diaste r e o m e r r
atio(8 2:18 for164a a nd165a)
w a s als o obtained a鮎 r24 hou rs rea ction tim e･ It w o uld be, therefore, c o nclud
edthat
3 7
the epl m e riz atio n r e a ched at equilibrium afte r6 ho u rsboiling･ W he npu l
･ified m 那 r
pr odu ct164a,β-is o m e rhavingphe nylgr o up, w asalso e x a min edu nderthe C onditio n as
des c ribedabo v efor6 ho u rs, the similardia stere o m e r r atiofo rま64盈 a nd 165軌(82:18)
w a s obs er v ed(Sche m e5 3a nd Table 10, r u n1-3). Thisindic atedthatl 舶a a nd 16Sa
equilibrate u nder a cidic c o ndit o ntogiv e a82:18mixtu re of164a a nd 16Sa.
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Tab一e ll T he re s u一ts of a cidc atalys ed ep) m e rizatio n of1 65ain C DCI3 byN朋R 母XP即im Bnt
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3
4
5
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0.0 00:1LOOO 0:100
劫 0.00 00:1.000(0:lo)
60 0.00 00:1.OOO(0:1 00)
10 0.7 969:1.00 0(2 8:72)
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0.9 21 9:O R 181(80:20)
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The eplm eriz atio n ofPicteトSpengler r e a ctio npr odu ctin o u rha nd c o uld befollo w ed
by lH -N M Re xpe rim e nt u sl ng･minorpr odu ct, α -is o m erha ving Phe nylgr o up at the ト
po sitio n, 1 65a as s ubstr ate a nd in CD C13 aS S OIv e ntinthe abs e n c eofTF Aa ndinthe
pr e s e n ce of T F A(10m ol eq)u nde rvario u ste mper atu r e s(Schem e54). The r e c o rded
lH - N M Rchart w as sho w nin figur e2 a ndthe res ults w e re o utlin ed in Table 11. Fro m
the chartsho w n a ndthe r e s ult obtain ed,thefollo wsfa cts w e r e obs er v ed:inthe abs e n c e
of T F Aat r o o mte mpe r atur e a nd ev e nin the pr esen c e of T F A(10m ol eq)at r o o m
te mper atu r efo r10minutes a nd 3 0min utes, o nly o n epe akthatrelatedto C卜= ofthe
c o mpo u nd 16 5a w a s obs er v ed at84･78ppm (Table ll, run I-3). Ho w e v er, whe nthe
te mperature w a sris edto 50
o C a nd the n afte r10min utes
,
the ne w pe ak at85･5 ppm
thatrespr esented fo rthe Cl- H ofthe c o mpound 164a,in addito ntothepe ak at8 6.0
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p pm ofthe c o mpound 165a were obse rved, a ndthe r atio ofc ompo u nds164a and 165a
w a sfo u ndtobe0.7969:I.0000[28:72](Tablell, ru n4), Asthe re action tim e w asfo r
3 0min ute sthehightofne wpe ak in cr e as ed andthe r atio ofc o mpounds164a a nd 165a
be c a m e2.4 880:I.0000[71:29], a nd after60 min ute s,the r atio of 164a and 1 65a was
o.92 19:0.218 1[80･. 20](Table ll, run 5and 6)･ At50
oC andfo r90 min ute sthe r atio of
c o mpo u nds 1 64a a nd 1 65a re a ched4･8 19:1･0 00 0[82:18] (Table ll, ru n7)which
co r espondedtothe r atio ofthe s e c o mpounds obtainedfro msepal
･
atede xperim ents with
tw odiaste re olllerS a S m e ntionedabo ve(see Table9).
Fr o mthes e obs e rvatio n sit co uld be con cludedthat n o eplm erization o c c urr ed at
r o o mte mpe r atu re in the abs ence a nd in the pres eIIC e Of T F A･ Ho w e v er, the
eplm e riz atiol-1- astake npla c einthepr es e n c e ofa cidathightemperatu re･
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In additio n, w e als o studieda cidc atalys edeplm e riT･ation o ntheprodu ct16Se･ th
e α-
is o m erha ving rn ethylgroup at the トpo sitio n, de riv edfr o mtrypt
a min ede riv ative 棚
with a cetaldehyde16 2e. Altho ughtheβ-c a rbolin e165e w as ex a min edinthe pr e se n c 捻
of T F A(0.5 m oleq)in de uterated be n z e n e at80
oC fo r24ho tlr S, the epim e riT･a臼o noJf
'
165e w a s n otobs e r ved(Sche m e55)I
po stulation for m e cha rlis m ofa sym m etric Pictet･Spe ngle r r e a c鮎 n
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An e xa minatio n ofthe mecha nis m ofthe PicteトSpe ngle r r e a ctio nwithr ega rdto
stereo specificity lS n ot a Simple matter･ In ge n e r al, the re a ctio n oftrypta min e19,with
aldehyde1 7 firstfo r m stw ois o m er s ofimin e s172a nd173which,inthe pr e s e n c e of
electrophile(E＋ o rH＋), givetw ois o m e rs of iminiu mio n s17 4a nd175･ Itis cle a rthat
the stericintera ctio ns betw een theindole m oiety a ndthe
” RfT gr o upin 175 a r e m u ch
m ore repulsiv etha ntheinte ra ctio n sbetw e e ntheindole a ndthehydr oge n ato m of 174･
Therefo re, ste r e ois o m er174 isfa v o u r ed inthe PicteトSpe ngler re a ctio nto affo rdtheβ-
carbolin e20(Schem e56).
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In ou r c as e als o,topostulatethe stere o o utc o me ofthePictet-Spengler rea ctio n, first
w e a s s u m ethetw ointer m ediate siminiu mio n176a nd 17which hav eto beinv olv ed,
a sthe r epo rts by Co ok5
2f)a nd Waldm ann34)･ Theinter a ctio nbetw ee ntheindole
n u cle u s a nd imin ehydr ogenin 177 islessthanthe c o rr e spo ndingrepulsio nbetw ee n
ar o m atic m oietyand i mine substitu ent
‥ R‥ in 17 6･ M o r e o v e r,in 176a1,3-inte r a ctio n
betw e e n” R
--
aridtheproto n s ofa C H2gr o up w o uld de v elop upo nringclosu r e, whe r e a s
this w o uld n otbein the c as e of 177. T herefo r e, thePicteトSpengler cycliz ation m o st
probably o c c u rs viatheinter mediate177(Sche me 57)･
T heinitialatta ck oftheindole do ublebo nd o ntheiminiu m io nc a nbethought to
o c c u rf o m3- o r2-po sitio npo sitio n of indole, butregardles s ofthistheindole do uble
●
bo nd is e xpe cted to atta ck with ste r e o ele ctr o nic c o ntr ol si mi la r
to the atta ck
J
(antiperipla n ar)ofhydroxideio n o ni mi date saltr eported byDe slongcha mps
57)
･
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I11ustr ated inSche m e58ar e structu r e s whichr e s ultfr o m atta ck oftheindoledo uble
bo nd at2-position on17 S fr o mthebotto mfa c e a nd fr o mthetopfac e ofth色 C= 芝N bo nd･
Intr a m ole cular attack o n17 8 fr o mthebottom fa c eofthe C=N＋R- bo nd w ouldge n e rate
179 which,intu rn, glV e180thatc o ntain sthe R
-
gr o up at a nequ ato rialpo sitio n a ndthe
R gro up at a xialpo sitio n. In a si mi lar m a n n e r, atta ck o n1 78 fr o mthetopfa c e ofthe
i miniu mio ndo ublebo nd w o uldge n e r ate181a ndthe n affo rd182 in whichthe R
t
gr o up
w ould oc cup y a n axial po sitio n while the R gr o up at C- 1 w o uld be
equ atoria15
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Byanalogytoth叩 O Stulatio nbyabove andthatgiv e nby Waldm an n
34)forthefa c e
atta ckoftheindole n u cle u s o nthe C=N double bo ndtw opo s siblepathw ays c o uld be
consider edto giv ethe PicteトSpe nglerproducts(Schem e 59):the c o nform er 1 84,
obtain edfr o mthetopfa ce attack of C-2 ofindole nucleus o nthe C= N doublebo nd, has
u nfa v ourable replu sio nbetw e e nthephe nylgr o up of
chir al a u xiliary a nd C H2 gr o up
adjac e nt toindole ri ng, Where a sthe re w o uldn otbe the c or respo ndingI nter actioninthe
c . nfo rm e r183 whichderiv ed fr o mthebotto mfa c e attack ofindole n ucle u s o nthe C= N
do ublebond. Fr o mthe se c o nsider atio n,the compo und 1 65sho uldbethe m ajo rPr odu ct
ofthe Pictet-Spe ngle r re a ctio nin o u rha nd･ Ho w e ver, sin
c ethe a ctu al r e a ctio n
c o ndit o n c o ndu cted w as atreflux tempe ratu reinthe pr ese nc eof acid, eplm erization
w as oc curr eda ndthu sthe c o mpo u nd 164pr oduced asthe m ajo rPr Oduct･
M or e o ver,the en ergyc alc ulatio n(Sche me59)w as c arried out u singC A C he
Me cha nic s(MM2 fo rc efield)a nd C A C he M O P A C(P M 3)･ Forthe s ubstitu e nt
HR
H
is
pbe nylgr o up' en e rgyc alc ulatio n ofthe c o m
form e r s a ndthe PicteトSpe ngler r e a ctio n
pr odu cts r e s ulted in the c o nfo r m e r1 83(269･126 kc al/m o
l)is e nergetic ally m o re
fa v . ur abletha nthe co nfo r m er184(270.133 kcal/m ol)a ndthePictet
-Spe nglerpr odu ct
164ais e n e rgetic ally m o r e stabletha n165a(A E
-l･1616 kc al/m ol)･ T he r e s ults of
e n e rgl e Sfo r c o nfo r mer s a ndthe PicteトSpengl
er r e a ctio npr odu cts s uppo rted fo rthe
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abo v e c o n side r atio n s ofthe c o nfigu ratio n of C=N doublebo ndandtheF宕Ieial atta ck of
indole n u cle u s on the c o rr e spo ndingdo ublebo nd whe nthe s ubstitu e nも
ーI
R
--
isphe nyl
gr o up･ How ever, whe nthe s ubstitu e nt
H R
'･
w a sthe s m allgroups u cha s m ethyl油 位both
c o nfigu r atio n s, 176a nd17 7, w ould m o r elikelyI n v olv einthe cy
cliT)atio n a nd【he refo re†
ster e o s ele ctivity m aybede c r e as ed･
In addito n, fr o mthe e n e rgle S V alu e s ofthePicteトSpe ngle F r e a ctio np柑du cts 触 the
s ubstitu e nt
‖Ph･-, equilibriu m con sta nt(K)ofthes eprodu cts c a nbe calculated a鳥肘 始w :
(Schem e60).
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Fina11y,the c o n clu sio n c a nbedra w nfro mthe m e cha nistic c o n sider atio n s a nd
c alc ulatio n s sho w n abo v ethat thePictet-Spe ngle r r e a ctio nin o u rha nd w a sthe r esult of
tbe m odyna mic c o ntr olledr e a ctio n･
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Pla u sible m echa nis m ofa cidc atalyヱedeplm eriz atio n ofthePicteトSpe ngle r r e a ctio n
q
pr odu ct c an be r epr e s e nted by thr e ecle a v age w ays a s sho w nin Sche m e6l･ W e
e x a min ed a cidc atalyヱed epl m eriz atio n ofthe min oris o m e r α
-
pheny1 165a in the
●
pre s e nc e of de uter ated T F Aa nd de ute rated be n z e n eas s olvent at8 0
oC by N M R
e xperim ent. Since node uteriu min c o rpo r ation atC
- 1 oftheP- ca rboline wasobs erv ed,
de m o n str atingthe Cl- H bo nd has n otbe e n cle a v ed･ How e v er,it c o uldn otbe de cided
whethe rC(1)- N(2)cle a v age o rC(I)- C(9a)cle a v age,bythis e xpe rim e nt･
Asym m etricPictet-Spe ngle r re a ctiol1 0ftryptamin eindu c ed bychirala cidchloride
chir al a cid chlo rideindu ced a sym m etric PicteトSpengle r re a ctio n oftryptamin e,
thr o ughthe Schiff ba se, w a s e x amin ed with v a rio u s a cid chlori desde riv ed fr o mthe
chir al a cid
,
u nderdiffe r e ntr e a ction c o nditions a s sho w nin Table 12(Sche me 62)･ In
r un I, witha cidchloride186a ga v etheP- c a rbolin es 187ain 6% che mic alyield with
42 % de. Ho w e v er
,
itw as obs e rvedthat the rea ctio nwith d- c a mphors ulfonylchlo ride
Schem e 62
T
,
/
さヽ
rypt
i
†｢
amin e(19)
Ph C H O
(1 62a)
N
H
1 85a
(y
”
P h
ChiraJa cid ＋ SOC)2
与cH2C･2
1 86 R★Cl
/rt/ove r night
◎
軍抑eR
X
･
H
Ph
一 棟
㍗
ヒヽ
”
”
187
Table12 The r e sults ofthe re a ctio n of Schiffbas e1 8 5a withvarious chiral窃Cidchlorid母$1 86
under diffe re nt c o nditio n s
Ru n (132)R
'Cl(m oleq) solv e nt Con州 o n yield(%) de軌)(%)
1 86a(2)
Pyridin e(2.4 eq)
186b(1.5)
iPr2N Et(1.5 eq)
1 86c(2)
C H2C12
CH2C12
C H2CI2
1 86d(1.5) P h H
186d(1.5) Ph H
rt 5 d 1 87a(6) 4 2b)
4d N R
.
o;Sn h2h 1 87c(88) 8b)
r effux 2h 1 87d(62) 10
1
r( 3h 1 87d(40) 糾
a)dete r min ed bylH･ N M R
b)Dr. T.Ka w ate data
- 議 ph
1 86a Tb2.C. P hiSo c暮q!:
O C‡
186b didn otpr o c eed･ In the c a s e of(S)- 0 - m ethyトm a ndelylchlo ride 18 6c obtain ed
fr o m(S)- m a ndelic acidwiththio nylchlo ride, affo rded.in68 %yield, but the r e a ctio n
gave o nly8 % dia ste r e o s ele ctivity ofP- c arbolin es 187c(Table12, r un 3). The u s eof
chlori de of N-to syトエー PrOline186dga v etheβ- c arbolin e187din 62 %yieldwith lO %
de
,
in reflu xingben z e n efo r2ho u rs, but40% yielda nd 24 % de oftheβ- c arbolin e187 d
w as obtained whe nthe r e a ctio n w as c a rried o ut atr o o mtempe r atu r efわr3 ho u rs(Table
12
,
r u n4 a nd 5)･ T he absolute c o nfigur ation oftheβ-c a rbolin e s obtain ed w as n ot
determin ed.
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Inthe e ase ofa eylatio n m ediatedasym metricPictet
-Spe ngler r e a ctio n oftrypta min e,
the u n e xpe ctedc o mpo u nd w a s obtairled･ Whe nthe re a ctio n of Schiffba s el$5ade riv ed
fr o mtryptamin 母19a nd be n 笈aldehyde162a, with(S)- 0 - m ethyトm a ndelylchlo ride186c
w a spe rfo rrn 昏d inthepr ese n c e of N
-ethyl diis opr opylamin e a sba s e, the n e wpr oduct
188
,
aβ-1a cta恥 for med with 82%yieldas a singleisom er, witho ut for m atio n oftheβ
-
c arbolin e187cthatw asobtain edinthe abs c e n c e ofba s e(Sche m e63).
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T he me cha nis m ofP-la cta mfo r m atio n m aybe c onsidered a sfollo w s: ketene w a s
form ed bythed9Pr OtO n atio n ofα
-hydr oge n ofa cidchlo ride with ba se, a ndthekete neis
s ubjected[2＋2】cyclo additon withtheSchiffba setogiv etheβ
-1a cta m(Sche m e64)～
To e x a minethe utility ofthisβ-1acta m ringfo r matio n, w eals o studiedthe re a ctio n
ofimin e185
,
deriv edfr om trypta min e19withv ario u s aldehyde162, withchlor
ide of
N -to syl-Lrpr olin e186d a ndphe n o xya c etylchlorideinthepr e s
e n c e oftriethyla min e as
bas ein m ethylen e chlo ride s olvent, andthe re sults w e redescri bed inTabl
e 13(Schem e
65).
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RC H O
～
NH2162
ク
′
ヒヽ
N
H
185[r
”慧三笠
'Ej
C H2C†2
rt
N
”
0
189 R2
Rl
Table1 3 T he r e s u[ts ofβ･La ctam form ation fro m Schiff base1 8 5wnh variou s acidch一o ride
Run R Rl
(:2.?e
H
q
C
)
OCl ¶rTW β-La ctam Y樹d(%)
1 85a: Ph
p hズ
e
c ｡ c;
2' 4h
.ndo.mゴ三Me
欄 '82'
1 8 5a: P h
軒 coc{
1 2' 4h
lndo.eC
N
P■h
Ph
T昏N
190(51)
I ■■ ld } b ld - 一 ■ ■■ - ●■ I I 1＋ I ■ ■ I l q I P ■ - ■● 一 ■ ■■ ■ b ●■ - r 1 一 ■ ■ ■l ■ 一 ■ ●■ J～ ～ ■ P ■ ■ 一 1■ rl ■ I ■ ■ 一 ■ l } ■l q I { } ●l ■ ■l ● J ～ 事l ■一 ■ 1■ ■i l■ l■ ■■ - ■■ ■l l ■l ■l ■l ●l わ ■ ■ ■I ～
3 1 85a=P h p h O C =2C OCl(1･5) 2h 1 8 9a, R=Ph l馳 P3)
4 1 85 b=f> M eO C6H4 P h O C H2C O C](l･5) 4 h 1 8 9b, R=F'MeOC6H4 1 89bgS)
5 1 8 5c = p･N O2C6H4 p h O C H2C O C](1.5) 1･5h 189c, R=F>N O2C 6 =4 1 89岬5)
6 185 d= C H2C H Me2 P h O C H2C O Cl(1.5) 3 h 1 89 d, R- C=2e = Me2 1 89 d(70)
7 1 8 5e = CMe3 PhO C=2C O Ct(1･5) 3 h 1 89e, R=C Me3 189e(80)
Note :(n r u n1
,
'pr2N Et(3 m ofeq)a nd in r u n2 to 7, NEt3(3 m oleq)w ere used asba se.
W he nthe s ubstituent of imin e
,
.
:R･
‥ is phenyl, the r e a ctio n with(Sト0- m ethyト
m a ndelylchlo ride 1 86c in the pr e s e n c e of N- ethyl diis opr opyl, ga v eβ-1a ctam 188
fo r med with 82 %yield(Table 13, ru n1), a nd with chlo ride ofN -to syl- しpr olin e186d
affo rdedβ-1actam 1 9 0 in 5 1 %yield in the pr es e n c e oftriethylamin e at r o o m
te mper atu r efo r4 ho u rs(Table 13, r u n2), a nd with phe no xya c etyl chlo rideiflthe
pr e s e n c e oftriethyla min e atr o o mte mper atu refo r2ho u rsga v eβ-la cta m189ain 73%
yield(Table 13, r un 3)･ In the pr e s e n c e oftriethyla min e, the r e a ctio n of l$5bwith
phenoxyac etylchlo ride ga v eβ-1a cta m1 89bin 75 %yield(Table13, ru n4). In the c a s e
ofp- nitr ophe nyl, is obutyland te r-butylgr o up a sthe s ubstitu ent
‥R‥
,
the yields ofP-
1a ctam s189c, 1 89 d, a nd 189e w e r e75 %, 70 %, a nd 8 0 %, r espectively･
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4. Exp 肝im e n毛s
App汲r汲tuS
Meltingpo呈m't:Meltingpoints(mp)w er edete rmin ed with Ya m ato M P-1 a nd
Ya n agl m OtO mic r o m eltingpointappa ratu s a nd are u n c o rre cted.
●
Ⅰnfr a r ed;infr aredspe ctr a(IR, ℃in e m
- 1)w er e r e c ordedwitha王寸ita chi 260-10
spe ctr opboto mete r･ Unless othe r wise n oted,汝spe ctr a r ef rto KBrdisks･
M as s:Ma ss spe ctr a(MS)w er e r e c o rded on aH ita chiM -60(LR-EI),RMU-7M(H R-
El),JE OL H X-I10 A(L R- 臥 HR- EI,LR-FA B, H R-F A B)orJ M S- A M 20(L R-
El)m as s spectr o mete r･
N M R:1H- N MRspe ctr a w e re r e c o rded o n HitachiR 24B(60 M Hz),J N M- G S X-5 00 A
(50 M l,恕),J NM - GS X-400 A(400 M批),J N M-G SX-500 A(500 M Hz),J N M-
A 4 00(400 M 鮎).13c-N M Rspe ctr a w らre re c o rded o nJEOL G S X 叫00(100
M H紙 JN MーG SX -500 A(125 M Hz)a ndJN M- A 4 00(100 M Hz)appar atu s･
N MRspe ctr a w e r e m e a s u redinCD C13, unle s s othe rwis e n oted, andchemic al
shifts w e re r e c o rdedin8v alu es(ppm)relativ etotetr am ethylsila n e(T MS)asthe
inte m alsta ndard. The symbols, s(singlet),d(do ublet),t(triplet), q(qu artet), m
(m ultiplet), a nd br(br o adened), a re u s edtode sc ribedthe m ultiplicity andshape
ofsign als.
optic alr otatio n :Optic alr otatio n s w e re r eco ded withaJ A S C O D IP
-140pola rim ete r
u sl nga lOc mc ell･
I
Ele m e ntalanalysis: M icr o a n alyses wer eperfo r m ed o n aPerkinElm e r24 0, and 2408
C, H, N a n alyz e r･
T LC:Analytic al T L Cw asc a ried o nKie s elgelG F25 4type60(Mer ck)plate s･ Spots
w e re visu alis ed with U V ha nd la mp o riodine stainl ngO r Stal nl ngreage nt
【anisaldebyde(15ml), c o n °.H2S O4(15ml), AcO H(3 ml)in EtO H(270 ml)or
p205.24MoO3.6 H20(6g)in EtO H(10 0ml)]･
4 9
colu m n chro m atogr aphy:Silic agel60(Me rckNo･773 4)w a s u s ed for silic agel
c olu m n chr o matogr aphya nd Alu min u m o xide90a et呈ve
baLqic(Mer ck)w a su s ed fo r alu min u m colu m n
chr om atogr apby,
H P LC:H P L Ca nalysis W a Sperfor m ed o n aHitachi655 in str u m e nt, u s ln澄a D
aic ei
c hir alce1 0 Dand He x a ne:1PrO H=90:10s olv e rltSyste m W a s u s ed a s a如 e帆
5 0
prepa 柑tio n oftTyPもa min e de r畳v ativ e s1 59, 160a nd 161･
M ethod 1
synthe sis of ethy1 3
一畳ndo桝glyo x alate 1 50(Expt 1 21)
ク′
:b､
H
149
(CO G))2
Abs Eth母r
rt,2h
汐′
払.
”
H
A bs Et OH
Et3N
reflu x,3h
80 %
5V
も､
N
H
O巨t
150
To as olutio n of indole 149(ll.7g, 0.I m ol)in absolute ethe r(10 ml), o x alyl
chlo ride ,(C O Cl)2(1之.2l ml, 0.14 m ol)in abs ohlte ethe r(100 ml)w as addedatr o o m
te mpe r ature a ndthe n stirr edthe r 組Ctio n mixtu re at thiste mpe ratur e･ Afte r2 ho u rs, ether
w a sde c a nteda ndyellow s olidre sidtle W a s W a shed withethe r･ Toyello w s olidobtained
etha n ol(120ml)andtriethyla min e, Et3N(15･33 ml, 0･11m m ol)w e r eaddeda ndthe
mixtu r e w as renux edfo r3ho u r s. On c o olingthe re a ctio nmixtu r e, the c rystallin e150
(14.17臥65 %)was obtain ed･ Ev apor atio n a ndthe n c rystaliz atio n of m otherliqu o rfr o m
etha n ol fu rthergav elSO(3･20蛋, 15 %)I The spe ctr o s c opicdata of 150 w e r econsiste nt
withtho s e r eported･
D ata ofC ompo u nd 1 50
【Ethy1 3-indolylglyo x alte】
Colorle s n e edle
mp:184- 186
oC(EtOH)[firstc r op],183- 185
oC(EtOH)[sec o ndc r op]:
1it. , 184- 18 6.5
oC4 8).
IR(KBr)c m
-I:32 00,295 0, 2700, 1710, 1610, 1500, 1440,1260, l140, 1040,850,
80 .
5 1
synthe sis ofもryptopho1 151 (Exp = 1耶
N
H
150
O 巨t
LiAT H4/ T H F
reflu x,4h
88%
ダ
ミb､
”
”
1Sl
O H
To asuspen sion of LiAIH4(l･22g, 3l･9 m m ol)in T H F(10 0ml)サ1SO(之･31欝サ iO･6
m m ol) w as added u nde ric e c o oling a ndthe mixtu r ewas renu x edfo r4ho tl rS･ The
r e a ctio n mixtur e w a squ e n chedslowly with10% NaOH while c o olingonice w a軌 The
pr e cIPitate w a sfiltered a nd w a shed with m ethyle n e chlo ride a nd the s olv e nt
wa s
e v apo r ated afte rdryingov e rNa2S O4･ T he c rudepr odtlCt W a s Chr o m atogr aphede n silic a
gel(B W-200, C H2C12:MeOH=20:1)to ga v e151(1･5gき88 %)～ The spe e細 s c opic data
of 151w e r e co n siste nt withtho s e r eported･
Data of co mpo u nd 1 51
【Tryptophol]
Colorle s sprlS m
mp54- 55
o C(Ph H- petr ole um);lit:58
o
- 59oC
,
P h =- petr ole u m
49)I
IR(K Br)c m
- 1:3400, 1460, 144 0,1 100,10 60,70 0.
1H -N MR(C D C13)8:1,51(1H, s, O H),3.04(2 H, t, J=6.15 Hz, CH2, C-3),3.92(之H,
t
,
J= 5.8 Hz
,
C H2, C-4),7.09- 8.05(6H, m , ar o m atic- H)
Synthe sis of indole･3･ethyl br omi de 15 2(Expt-13 7)
…太刀
′
i
. H
P Br3/ P h H/p yridin e
reflu x/5 h
H
151 51 %
ク
′
ち..
”
H
1 52
Br
Totryptophol 151(2･50g, 15･O m m ol)in ben z ene(100ml),pyridin e(1.5 ml)a nd
P Br3(1･2 ml, 12･O m m ol in be n z e ne, 20ml)w a s added. A fte r r eflu xing5 ho u rs, the
re a ctio n mixture甲a S C O Oled, a nd de c a ntedthebe n z e n e. A fter w a shingthe re sidu ewith
be n z ene, ic e w ater w a s addedto the c o mbin ed ben z ene andthe n n e utraliz ed with
5 2
NaH C O3.
r
Fb昏be n 芸enelayer w 払S S epar ated, extr a cted art aqueo u slaye rwith benzel e･
The C o mbin ed be n 諾ene layel
.
W a s W a shed with 5% NaH C O3 a ndbrin e,dried o v e r
Na2SO4･ Ev apo r atio n ofthe s olv e nt ga v e a r e sidu e which w a spu rified by
chr o matogr aphyo nSilc agel(BW -200,be n z e n e)to ga v ebr omide15之(l･69g, 51 %)I
Thebr oⅠ判i 由 192, thu s obtain ed w as u s ed im m ediatelyfor ne xtr e a ctio n.
synthe sis of(まS)一 肌(β･3･indolyl)ethyl･ α -phe nylethyla min e 160
(濫Ⅹpt･ 114)
炉′
モゝ
H
152
Br
(s)(〕H2N-C H M魯Ph 154
Et N(iPr)2/ T HF
柁flu xI45 h
5 0%
ク
′
も､
H
””
7
”e
16Q P h
Tobr omide15之(1.1g, 4.9 r n m ol)in T rlF(60m･1)a nd N･ cthyldiisopr opylamin e,
EtN(iPr)2(i.7 ml,9.畠 m m ol)inT F肝(10ml)was added, a ndthe n stirr ed fo r30 minute s
atr o o mte mpe r atu re.(s) ＋)- 叩 be nylethyla min e154(1･26 ml,9･8 m m ol)in T H Y(10
mi)w as addeda ndthe mixttlre W as r e
.nu X ed fo r45hotlrS･ Re m o v alofthe s olv e ntga v e
the c r ude whichwas chr o matogr aphedo n alumin a(CH2C12)a ndthe n c rystaliz ed fr o m
be n z e neto affords e c o ndary amine160(0.66苫, 51 %)･
Data of c o mpo u nd 160
【(1S)- 淋(β-3-Indolyl)ethyトα -phe nylethylamin e]
Colo rle s spn s m
mplog- 109
oC(P hH)
[a]D25･ 61.58
o
(c=1.0, MeO H)･
IR(腿 r), c m
-1:34 00- 280 0,1500,1460, 1240, 1100,84 0,700,650･
M A S S, L R F A BfTu(i:2 65(M＋＋H)(loo鞄),14 4(I l･34%),105(41･01 %)
E L E M ENT A L A NA L Y SIS:Calcd fo rC18H20N2:C=8 l･78 %, H =7･63 %, N =10･59 %
Fo u nd C= 8l.89 %, H=7.57 %, N =10･47 %
lH- N M R(C DC13)8:i.3 2(d, 3H,J=6･4 Hz, C H3)･ l･5 8(br, l H, Nb- H), 2･8
- 2･94(m ,
4 H, 2 C H2, C
-3 a nd C-4),3･78(q, lH, J= 6･4 Hz,
*C H MeP h),
53
6.9 9- 7.29(m , 8 H, a r om atic胡),7･35(d,1H,J=7･8l
E‡'f”
ar o m atic- H),7.55(d,1 H,J= 7.9fiz, a r o m atic -
■
H),7･98(A, ほ葺,
Na_ 料)
M ethod 2
synthe sis of(±)･ Nb - α -phe nylethyl indole･ 3･glyo xyla mide 156
(Expt･1 4 1)
∈和
149
(C O Cl)2
- - - - ヰ
A bs Ethe r
n , 2h
ク′
ら..
N
H
153
(土)H2NCH MePh
TH F
OoC ,2 h
炉′
払-
N
”
H”
y
はe
5 9% 156 Ph
∫ To a solution ofindole14 9(ll.7 1g, 0.10 m ol)in abs olute Other(150 ml)(∈0 ∈l泊
(17.3 ml, 0.13 6m ol)in abs olute ether(100ml)w a s added atr o o mte mpe r atu r e a nd
stirred fo r2 hou rs. Dec antatio n of ethe rga v eyellow s olid, which w a s w a shed with
ethe r. Yello w s olidobtained wasdissolv ed in T H F(150ml)and(士)- α-phe nylethyla min e
1 53(36.3 5ml, 0.3 m ol)in TH F(100ml)w a s ad dedtothe r e a ctio n mixtu r e atO
oC.
A fterstirrl ngthe re a ction mixtu r e at the s a m ete mpe r atu r efo r2ho u rs,the white c rystal
156(15.12g5 2%)w a sfilte red･ Ev aporatio n a nd c rystalliz atio n of m othe rliqu o rga v e
fu rther 156(2.05g7 %).
Data of c o mpo u nd 15 6
[(±)-〃b- α -phe nylethylindole-3-glyo xyla mide]
mp:191-193
o C(MeO H)･
IR(K Br), c m
- 1:33 00
,
3100
,
30 00
,
16･80
,
1620
,
1500
, 140, 1250,800, 700
5 4
synth載S呈s of 総)-〟 棚 -3･imdo桝)ethyl- α - phehylethyla min e 159 by
r edu c鮎 n of 桝 -Nb昭 一Phe nylethyl indolか3-glyoxylamide15 6(混Ⅹpt･143)
〆㌢
態､
”
H
LiA 桝4/AIC13/T H F
, %
””
潔
M母
o
O
v
o
e:r.
”
n
oh?ht
プ㌢
ら.
N
H
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””
Y
”e
Ph
To a s u spe n s皇弧 OfLiAIFi4(3･79g,0書I m ol)in T H Y(200ml), AIC13(13･33g, 0･1
m ol)w a s added昆tO
oC ぬr1ho u r a ndthe n(a:)ま56(5･84g,0･02m ol)was addedatO
oC
fo r1 hour. Afte r st汝i ng at r o o mtempe r atu refo r o v emight the r e a ctio n mixtur e w a s
qu en ched slo wly w 肋 之0 %NaOH while e o olirlg O nice water･ T he pre ciptate w a s
filter eda ndw a油edwith m ethyle n e chloride and 伽s olv e nt w as e v apo r ated afte rdrying
o v e rNa2SO4. T he r esidu e w as chr o m atogr aphed on A1203(C H2C12)andthenthe
pr oduct w as e rystauised fr o mbe n z e n etO giv e c ol rle s spris m 159(2･08 g, 36%).
Ev apo r atio n a ndC rystalliz atio n ofm otherliqu o rga v efu rther159(0･29g,5 %)･
Data of 紺 mpO u nd 159
【( 妙N - 鮮3-indolyi)ethyトα -phe nylethylamin 昏〕
Colo rle ss c rystal
mp:245
- 248oC(Ph H),
IR(KBr), c m
-1:340- 2800,1500, 14 60,1240, 1100,84 0,700,650
synthe sis of(1S)-Nb･ α -Phe nylethyl indole･3･glyo xyla mi de 157
(Expト15 5)
1 54
;ヌ刀芸訟.ー N
H
149
rt
,
2 h
㌢
■
モゝ
N
H
T H F
OoC ,2 h
ク′
ヒ､
N
H
77% 1 57
H N
y
Me
Ph
T. a s olutio n of indole149(17.57g,0.15 m ol)in abs olute ethe r(150 mi),(CO Cl)2
5 5
(24.75 ml, 0.195 m ol)in abs olute ethe r(10 ml)w a s a cldedatr o o mte mp母r 挽tu r捻 a n仁l
the n stirred for2 ho u rs. Dec a ntatio n ofOtherga v eyello w s olid, which w a swa軸捻d with
ether. Yello w s olidobtain ed w a sdissolv ed in THY(150ml)a n 〔l(S)-ex-phe nyleぬylarlliB e
1 54(23.5 ml, 0.194m ol)in T H F(100ml)wa saddedtothe r e a ctio n 血 xtu re atO
'3c･
A fte r stirrlngthe r e a ctio n mixtu r e at the s a m et rnpe r atu r e紬r2ho u rs, the c rysはIIS7
(26.28g,60%)w a sfilte red･ Ev apo r atio n a nd crystalliz atio n (･)fm othe rliquorga v efu rthe r
157(7.64 g, 17%)･
Data of c ompo u nd 1 57
[(1S)- Nb- α -P he nylethylindole -3-glyo xyla mide]
Colorle s sneedle
mp:205- 206
oC(M eO H)[Fir stcrop]:204- 205
oC[se c o ndcrop]
IR(K Br)cm
-1:330,310 0,300 0,168 0, 162 0, 150,1440,1250,800,7 00.
M A S S,(EI)m/z:292(M＋) (8.17 %),144(loo 鞄)
E L E M ENT A L A N A L Y SIS:Calcd forC18H16N202:C=73.95 %, 恥5.52乳 N 娘k5S %,
Fo u nd C=73.88%, H=5.34乳 N=9.50 %
1H - N M R(C D C13)8‥1･5 6(br, 1 H, NbJi),1･61(d,3 H, J=7･l 批 C H3),5･ま5(q, 瓶
J=7･3 Hz,
*
cHMePh),7･26- 7･45(m ,9H, ar o m atic- 恥 7.SO(s,
1H, Na- ”)
Synthe sis of (1 S)- N -(β- 3･indolyl)ethyl･ α - phe nylethyla min e ユ60 by
r eductio n of(1S)･Nb ･ α 一Phe nylethyl indole -3瑠Iyo xyla mide 15 7
(Expt- 1 56)
ク′
ら..
N
H
LiAIH4/ AICT3/T H E
”N
y
Me OoC- rt
o v e r night
157 声h 6 2 %
ク′
ら..
N
H
”N
y
Me
160 Ph
To a suspe nsio n of LiAIH4(19･97g, 0･5 m ol)in T H F(250ml), AIC13(66･6 6g, 0.5
m ol)w as added atO
o C for 1 ho u r andthe nglyo xyla mide1 57(29.23g, 0.1 m ol) w a s
56
addedatO
eCfo ri ho u r. A fte r stirri ng atr o o mte mpe r atu r efo r o v e rnight the re a ctio n
mixtu r ew a squ e n ched slo wly with 20 %NaOH while c o oling o nic e} w ate r･ T he
pre c ipitate w a sfilte r ed a nd w a shed with m ethyle n e Chlo ride a ndthe solv e nt w as
l
e v ap()1
･
とIted arte rdrying() v c rNa2S O4･ T he re sidu e w a s chr o m atogl
･
aPhed o nA1203
(c H2C12)a ndthe nthepr odLiCt W a s C rystallizedfr o l-Tlbe n z e n etogiv e s e c o nda ry amin e
i()0(1 4.16盛,54 %)as c olo rle s spris rn･ Ev apor atio n a nd crystauis atio n ofm othe rliquor
ga v efu rthel
4 ま60(2･之1g,8%)I
Data ofc o mpo u nd 160
[(lS)淋 絹-3-王ndolyl)ethyト(叩 be nylethylamin e】
l
Colorle ssprlS王
′
n
lTIP:108- 109
QC(P 虻ま=Firstc r opヨ;107- lO9
oC(P h‡Hま) 【se e o ndcr op】
桝 D25 - 6l.58o 桓 1.0, MeOrl)
synthesis of(まR)紳Nb- か Phe nylethyi indolか3
-glyoxyla mide 1 58(Expt-
1 5 0)
:㍗
-
b､
N
H
149
(C oc暮)2
- ･ ･ ･ ･ ･･ ･ ･十捗 -
A bsEther
rt, 2h
汐㌦
臥.
H
0
155
(f7)(＋)H2NC H MeP h
T H E
OQC , 2h
75 %
ク′
ヒヽ
N
H
H N
＼/
M e
I
1 58 声h
To a s olutio n of indole 149(ll.7 1g, 0.10m ol)in abs olute ether(15 0ml),(C O Cl)2
(16.50 ml, 0.13m ol)in abs olute ethe r(loo ml)w a s ad ded atr o o mte mpe r atur ea nd
stirred for 2 ho u rs. De c a ntation ofethergave yello w s olid, which w a s w a shed with
ether. Yello w s olidobtain ed w asdis s olv edin T H F(150 mi)a nd(R)- α -phe nylethyla min e
155(18.18 ml, 0.15m ol)in THF(10 ml)w a s addedtothe r e actio n mixtu r e atO
oC･
A fter stim ngthe rea ctio n mixtu re at the s a m et mpe ratu r efo r2 ho u rs,
the c rystal 1 58
(20･55g, 7 0 %)w a sfilte red･ Ev apo r atio na nd c rystallizatio n ofm otherl
iqu o rga v e
furthe r1 58(i.58g, 5 %)･
5 7
Data of co mpou nd 15 8
[(1R)-Nb- α -Phe nylethylindole-3-glyo xya mide]
Colo rle ss n eedle
mp:2 04
… 205oC･(MeOH)
IR(K Br), c m
-1:3300, 310,300, 1680,1620, 15 00,1440, 1250, 8∈札 7弧
synthe sis of (1R)･N ･(β･ 3･indolyl)ethyトα ･ phe nylethy!a柑in e i 61 by
redu ction of(1 R)･ Nb- α -Phe nylethyl indo)か3-glyo xyla m は色 1S鼻
(Expt- 1 5 2)
ク′
さ､
N
H
LiAIH4/AIC]3/T HF
H N
＼ /
M e
158 声h
OoC. . ∩
over night
6 2 %
プ㌢
払､
H
H N
v
M魯
Jbr
h
l引 払
To a s u spen sion of LiA IH4(9.48g, 0.25m ol)in T HY(250 ml), Ale13(ヨ3.33 臥
0
.2 5m ol)w as added atO
o C for1 hour a ndthe nglyo xylami de15S(14.61g,0.05 m ol)
w as addedatOo C for1 hour. A fter stirringatr o o mte mpe r aturefo ro v er night the fe aCぬ n
mixtu re w as que nched slo wly･ with 20 % NaO H while c o olin農 O nic e w at弧 The
pr e cipitate w a sfiltered a nd w a shed with m ethylene chlo ride a ndthe s oiv e nt w a s
e v apo r ated after drying ove rNa2S O4･ T he residu e w a s chr o m atogr aphed o nA1203
(C H2C12)andthen thepr odu ct w as crystalliz edfr o mbe n z e rl etO giv e co mpo u ndI削 n s
c olo rles spris m (7･8 8g, 54 %)･ Ev apo r atio n and c rystalliz ation of m othe rliqu o rgave
fu rther16 1(i.16g, 8 %).
Data of c o mpou nd 161
【(1R)-N -(β-3-Indolyl)ethyl- α -phe nylethyla mine]
Colorles sprlS m
mp109- 1lo
o °(Ph H)[First crop〕, 107- 109
oC(P hH)[se c o ndc o rp】
[α]D25 ＋62.13o(c= 1.0, M eO H)I
I R(K Br), c m
-1:3 40- 2800, 15 00, 14 60, 124 0,11 00,84 0,70 0, 650.
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Pr叩 鼠r a鮎 n o君cぬ量訂汲丑 汲Cids
N -p
JFolu e n e s n蜘 nyl･L-Pr olin e 168 (Exp= 84)
E>co o H 伊
TsCl
,
NaOH
,
T HF･H20
OoC/1 h 0 - c o o H
H
191 99 %
T$ 168
y
l
l
()星i S u SP母n Sio n of L, -pr olin e191(3.45g, 3 0,0 m m ol)in TH Y(100 ml) ad ded
aqu 紺u SNaO圭浅(3･6ginlo mlof H20)andp
-tolue nesulfonylchlo ride(8･57gin50
m †1o門
､
HFサ45.0 温 m Ol)unde ric e c o oling, a ndthenthe r e a ctio nmixtu re w a s stirr ed fo r1
ho ur at thist 弧 P･昏r a鮎r e. A fter r 昏m O V alofs olv e nt, m ethyle n e chlo ride w a s addeda nd
the n n e utr 払Ii芝恰d w 油 aqu e o u shydr o ehlo ric a cid･ The orga niclayer w as s epar ated a nda n
a聯 紺 u･欝1aye r w a最 恐Xtr a etedwithrn ethyle n e chlo ride･ T he c o mbin ed org
aniclaye r w e re
dどi捻do v e rNa芝S Oみ Ev執POr atio n ofs olv e ntga v ether esidu e whichw as c rystallizedfrom
be n 芸監n etO 蕗ive I臓 (7.91甚, 98 %)andthe m othe rliqu o rw as c onc e ntr ated a nd
c rystalli孟母d a展ainto affo rd 16S(0･09蛋, 1%)I
D汲t汲 Of 紬 mPO u nd 168
【N-p-ToIu 飽eS ulfo nyl 心pr olin e]
I
White n e edle
mp:54
- 56oC(Ph H)･
[a】D22 胡 .l
o(c=1.0, M eO H)I
IR(K Br)c m
-l･
. 3 5 0- 300,1720,1340,1200,113 0,650
M A SS, L R F A B M S, m/z:270(M十＋H)(10%),224(65 %)･
E L E M E N T A LANA L YSIS:Calcd forC12H15NsO4:C= 56･67 %, H
= 5
･87 %, N =4･63 %,
Fo und C=57･79%, H =5･84 %, N = 4･57 %
1H - N M R(CD30D)8:1･65(1 H, m , C H2
-3), 1･95(3 H, m , CH2-2 a nd C H2-3), 2･42
(3 H, s, C H3),3･25(l H, m , C H2
-4), 3･45(l H･ m , C H2-4),
4.16(l H, dd, J=4.9 Hz,5･1 Hz, CH
-I),7･40(2 H7 m ,
a r o matic- H),7.74(2 H, m , a ro matic
- H)･
5 9
N ･p･ Tolu e n e s ulfo nyl･ D
-Pr olin e 1 69 (FJXp‖8S)
O- cooH
H
192
F>TsC]I NaOH, THF
･H20
OoC/1 h
99% 守- c Q O =
1 69
To a s u spe n sio n of D
-pr olin e192(3･45g, 30･O m m ol)in T 肝 uOOml)adeie(i
aqu eou sNaO H(3･6gin 100mlof H20)a ndp
-tolu en e s ulfo nylehlo r呈de(臥57欝in5(-)
mlof T H F,45.0 m m ol)u nde ric e c o oling, a ndthe nthe l
.
e a Ctio n mixtu re w a s s伽 藍d 触 I
ho u r at thistemper ature･ A fter r e m ov alofs olv e nt, m ethyle n e chl(”
･i亡Ie w a s addeaa nd
then neutralized withaqu e o u shydr o chlo ric a cid･ The orga niclaye r w a s s聯 どateda nda n
aqu e ouslayer was e xtra cted with m ethyle n e chlo ride･ T he c o mbin edo帽a nielaye r
we 陀
dried o v e rNa2SO4･ Ev apor atio n ofs olv entga v ethe r e sidu e which w as c rys臨跳zJed 触rn
benzene to give 169(7.9 1g, 98 %) and the m othe rliqu o r w a s c o n ee ntr a紐d a nd
c rystallized againto affo rd169(0･09g, 1%)･
D ata of c o mpo u nd 169
[N -p-tolu e n esulfo nyl-D -pr olin e]
Ⅶ1ite needle
mp:53- 55
oC(P b H)･
[α]D22＋9 6.33
o
(c= 1.0, M eO H).
IR(K Br)c m
-1:350 - 30 0, 1720, 13 40,1200, 1130,650.
1H - N M R(C D30 D)8:1.65(1 H, m , C H2-3), 1.95(3托 m , C H2-2 a ndC H2-3), 2.42
(3 H, s, C H3),3･25(l H, m , C H2-4),3.4 5(1FI, m , CH2-4),
4
.1 6(1H,dd, J= 4･9 Hz, 5.1Hz,CH - 1),7AO(2H, m ,
∬ o m atic- H),7.74(2 H, m , a r o m atic- H).
6 0
Nb-P ･Toluc n 鵬u 蜘 ny呈･L･もry ptopha n 170 (Expト93)
炉
一
む叫
” 193
c o o川 P
-TsCI
I
NaO ‖l T ‖F･ ‖20
ク′
C O O H
N ‖2 O
oC /2h
80%
b､
N
H 170
NH Ts
To a.su spe n sio n ofL
-tryptopha n193(10.2g, 50･00 m m ol)in T H F(100 ml)ad ded
lHtOlu e n e s ulfonyiehio ride(10･48gin 50 miofTH Y, 55･00 m m ol)a nd aqu e o us
NaO圭ri縛.0甚inlooIrl1 0 柑之0,150m m ol)bydr oppingfu n n els atO
oC andthe n stirr ed
the r恩aetio n mixtu r 忠弘r芝ho u rs atthiste mper atu r e･ Afte r r e m o vl ngthe s olv e nt, the
fe a etio 訊 mixtur e w as n 弧tr ali芸ed withaqu e o u shydr o chlo ric a cid･ A dditio n ofm ethyle n e
eh 加id母into th普 re a e舶 n mixtu 柁ga V ethe whiteprecipitate170(14･27蛋, 80 %), which
w a s e ol王e etedby 馳ratio n･
Data Ofc o mpo u nd ま70
ENb ザ-Tolu思n eS u蜘nyI 心tTyPtOPha n]
White n 耽dle
mp:136
-138oC(CH2C12),lit7 mP:138- 139
oC(CH2C12)55)I
桝 D23-38.4o(c=l･0,Eto n)Ilit, 桝 D23-42
o
(c= 1･00, EtOH)55)･
lR(KBr), e m
-I:3400, 3200, 3050,2905, 17 60, 1340, 124 0,1200･1 100I
M A S S
,
El m s, 耐 乏:358(M＋)(4･1 %), 13 0(100 %)I
l払 N M R(DMSO -d6)8:2･29(1 H, s, Nb-H), 2･8 2(1 H, m , C H2),3･02(1 H, m ,
c H2),336(3 H, s, C H3),3･86(l H, m , C辻C O2H),
6.89- 7.45(9H, m , a r o m atic-H),8･13(1 H, s, Na
- H)I
61
Asym m etric Pictet･Spengle r re a ctio n
o君 trypt執 指童n 腔 感e 如 払 触 s w葺th
benz aldehyde
‡n the abs e n c e of a cid
ク′
さ､.
N
H
H ”
7
”
160 P h
P hC HO
- - - - - ゆ ･
e
solv e nt
reflux
ク
′
さ､
N
H
164a P
㌢
≧ゝ
肖
1窃S凸
i A
Ph ph
”
7
醐母
In r efltl Xing be n T.e n e(Expt1 45)【Table 2, Fu n l】
(1S)- N -(β-3-Indolyl)ethyトα - phe nylethylamine 脚 (0･5急啓 g一 宏･O r貰1 m輔 w as
dis s olv edin dry be n z e n e(8 0ml), a nd be n 7･aldehyde l紹 魚(0･23藍, 認･芝 m m ol)wa s
ad ded. T he mixtu re w a s r eflu xed for 72 ho u rs, a ndthe solv e nモ w a S S ubs eqtl e nt･ly
r e m o v ed u nde r redu cedpre s sur etopr o videO･93gofc r ude which w as chrc m at聯 aPhed
o n silic agel(B W-200, n -he x a ne/ethyla c etate=4:1)togiv edia ste r e o me ric mix 伽 藍(0･ 鵬
g, 96 %). Crystalliz atio n of diastere o m e ric miⅩtu refr o m metha n oigav e o n ediasモe re o n 脚
1 6 5a(0.25 g, 3 6 %)as c ol rles spris m ; mp:182- 183
oC･ Re m o v al of s olv e ntfr o m
m otherliqu o rga v e r e sidu e1 64a (0･50g, 58 %)that w a sfo u ndto be a n a n othe r
diaste r e o m er c ontain lng alittle am o untofthefo r m e rdia ste r e o m e rパbow nby
1‡斗- N M R
spe ctrum ･ The a s slgn m ent Ofthe s edia ste re o mersw e r eba s ed o n
lH-NMR, 13c00N M R
and 2 D N M R. T he abs olute co nfigu r atio n ofthe s ediaste reo mer w er edeter min ed by 米-
ray c rystallogr aphyofc o mpo u nd165a･
D ata of c o mpo u nd 16 4a
【2[(S)- α -Phe nylethyl]-1-(S)-phe nyト1,2,3,4-tetr ahydr o-9H-pyri do【3,4-b]indole】
Yello w a m orpho u s
【α】D24 - 5.O
o
(c= 1.0, C H C13).
I R(K Br), cm
-1: 3 400, 3100,3 000, 1500, 1460,70 0,650.
M A S S
,
L R F A B M S, m/z:353(M＋ ＋H)(79 %),2 19(10 0 %)
H R F A B M S, Calcdfo rC25H24N2＋H:353.2 619;Fo u nd:353.2003.
1H - N M R(C D C13)8:i.45(d, 3 H, J= 6.7 Hz, C H3),2.78(m , 2 H, C H20f C-3),
6 2
3･Ol(恥 之托 C H2 0f C-4),3.94(q, 1 H, J=6･7 Hz,
*CH MeP h),
4.犯 (s, l托 *C H, C-1),7,08- 7,89(m , 15 H, a r o m atic- 班)
13∈- NMR(C D ∈13)8:14.34(q, Me),19.99(t, C-4),41.32(t, C-3),56.41(d,
Cfノ圭MeP h),60.58(d, C-I), 109.49, 110.74, 118.19, 119･28,
12 l.4 2, 127.00,127.51, 12 7.78, 127.95, 128.32, 128.35,
ま之臥54,1之8.75,128.78, 128. 6, 13 4.50, 136.00, 14 l.50,
145.00.
D執t漁 0ぎ e(瀞 P紺 nd
-i6 鮎
E之E(S)- 既-Pb駿nyl ぬy桝 ぺ鮮ph紺yトlふ3,4-tetr ahydro･9H -pyrido【3,4-b]indole]
l
Colo rles spTまS 芳ri
mp: 柑2-183
⑳e(M捻OH)
E筏泊24 -l芝3. 卿 (e=l,0. CHC13)
lR(K.Bれ c m
-i:3400
ヶ
3ま00,300,1500,1460,70,650
M ÅSS書 卿);35乏(M＋)(16.4%),之19(ba sepe}ak)･
E LE MENTA LA NA LYS王S:CaledforC25H2 4N2:C=85･19% , H= 6･86 %, N
= 7･95%
Fou nd C=85.15 %, H = 6.79 %, N =7.89 %
lH-NM R(CDC13),8:l･45(d,3H,J=6･5 Ⅰ払 C H3), 2･45(m ･ 1H, C H2, C
-3), 2･82
(m , 2H, C H2, C-4 a nd C
-4),3･36(m , 1 H, C H2, C-4),3･92(q,
1H,J=6.8 Hz,
*CHMePh),4･78(s, 1 H, *CH,C-I), 7･0 5- 7･49
(m , 15H, ar o matic- H)
13c- N M R(CDC13)8:20･45(q, Me),2 1･24(t, C
-4), 42･29(t, C-3),57･40(d,
cH MePh),60.97(d, C- I), 108･ 0, 110･64, 118･18, 119･19,
121.27, 127.01, 127･97, 128･3 6, 128･76, 135･08, 136･2 1,
140.62, 142.19.
crystal data: C25H24N2' M w
=35 2･487 m O nO Clinic･ spa c egr o upP 2l･ a
= 8･817(I),
b=10.450(1), c= 10.891(1)A, α =90･O
o
,β=102･9
o
, ㌍90･O
o
･ Cell
v .1u m e:978.3A3,z=2, Dcilcd-I.197gc m
-3
,
F(000)-376,Latic e
c o n sta nts a ndiI一te n Sltydata w e re m e a s u red uslI-g graphite
- m o n ochr o m ated
6 3
cuKα(k l.5418A
o)r adiatio n o nRigaku A甲E-5 R di 取払etO m 監モ監T･ Å 舶 l
of1627u n iqu e r eneCtio n switho utlFol
=O w e re obtain ed u sl n農 奴28
◆
●
s ca n ning m ethodwitha20sa m spe edof32
o
汎in
-ito 触2 馳l鰍 TIv-leJ
structu re w as s olvedbydire ct m ethodusi ngS HE L X 86a ndr eFl n ed旭 丘ま
finalR v alue of 0.0452a ndRw =0.0639.
In r efluxing be n t.e n ewith De a n
･Sta rk(FJXPt･14G)rT 油Ic 急き r もl n之】
(1S)- N -(β-3-indolyl)ethyトα -phe nylethyla min e l納 (0･5急告畠, 芝･E)rTl m O呈) w a s
dis s olved in dry be n z e n e(80ml), a nd be n 7Jaldehyde 16之執(GI芝Sg, 芝･急 m Ⅰn (きま w a s
added. T he mixtu r e w a s renu x ed fo r48 ho u rs wi 紬 Dean 00S.はrb w 汲t捻T S erPa r atO r
c o ntaining m ole c ula r s eiv e4Å(3g)andthe s olv e nt w a s sLibs 捻qu 紺tlyr監m 昏V edu nde r
reduc edpre s s u r etopr o videO･88gofresidu e which w a s cbr o m atogr aphedo n si‡ie a･gel
(B W 200, n-he x ane/ethyla c etate=4:1)togiv edia ste r e o m e ric mixtu r e(0･69g号9呂%)I The
dia ste r e ois om e r ratio of1 64a a nd 1 65a w asdetermin ed by
lH -NM Rand fou ndto be
53:47.
In r eflu xing tolu e n ewith De a n･Sta rk (Exptq14 8) [Table 2, r u n3ヨ
(1S)- N -(β-3-indolyl)ethyトα -phenylethyla min e 1 6 0(0.5 28g,之･O m m ol) w a s
dis s olv ed in drytolu ene (8 0ml), a nd benz aldehyde 162a(0.23A, 2.2 m m ol) w as
added. The mixtu r ew as refluxed fo r48 hour s with Dc}a n-Sta rk w ate r s eparato r
c ontaining m ole c ular s eiv e4Å(3g).a ndthe s olv ent w a s subs equ e ntlyr e m o v edu nder
redu cedpres s uretopro videO･88gofresidu ewhichw a s chr o m atogr aphedo rl Silic agel
(BW -200, n -he x a n e/ethyla c etate=4:1)togiv edia ster eo meric mixtu re(0.5 6g,80%). T he
diaste re ois om e r atio of 1 64a and 165a w a sdete r min ed bylH - N MR a nd fo u ndto be
50:50 .
In r eflu xing be nze n e(Expt･ 154) [Table 2, m n 4]
(1 R)- N -(β-3-indolyl)ethyl- α - phenylethylamin e 1 61(1.58 g, 6.0 m m ol) w a s
dis s olv ed in drybenze ne(15 0ml), a nd be nz aldehyde 162a(0.70g, 6.6 m mol) wa s
ad ded･ T he mixture wa s renu x ed fo r48 ho u rs with De an - Stark w ater s epa r ato r
O
c o ntaining IⅥ01e c ula r s eiv e4 A(3 蛋)a ndthe s olve nt w a s s ubs equ e ntly I
･
e m OVed u n (1er
64
r 監du e edpT監SS u削 opr o vide之･51gofr e sidu e which w a s chr o m atogr aphedo n silic agel
(BW 00200, n -be x a n e/ethyla c etate=4:1)togiv edia ste reo m eric mixtu re(1.8 1g, 86 %). T he
diaste r e ois o r n 即 r a舶 of e nt･164払 a nd e n= 65a w a sdete r m
'
in ed by
lH - N M Ra nd
fo u ndtobe5ま:49.
D汲も執 Of e o mp･o u nd e n毛#1 64a
【2t二(称(叩b恐nyl ぬylヨ-i-(R)-phenyl- 1,2,3,4-tetrahydr o-9H -pyrido[3,4-b]indole]
Yelow aIYi 即Pho u s.
桝E)急5 ヰ3.芝母(e濫1.0, e H C13).
況(K即 e m
-i;3ヰ恥 3 柑O,300,150 0, 1460,700,65 0
1H-N M R(CD C軌 8;l 舶(3 H, d,J=6･6Hz,M e), 2･81(2H, m , C H2 0fC-3), 3･00
(芝粍 m , CH20f C-4),3.94(1H,q, J=6.6Hz, C辻MeP h), 4･9 1
(lH, s,C H-1),7.ll- 7.89(15 H, m , a r o m atic凋)I
D執t執 Of e 昏 mp¢u nd e n‖65a
ERE(称 抜-Ph餓yl ぬylヨー ト(S)-phe nyトl,2,3,4-tetr ahydro
-9 H-pyrido[3,4-b]indole]
●
W hitepns m･
mp182- ほ3
oC(M色OH)I
桝 D之4 十l之0.2
¢
(c=l胤 CHC13)I
lR(K Br), e m
-1:3400,3100,3000,1500, 1460,7 00,650･
1= - NM R(CDC13),8:1･45(3 H,d, J=6A flz, C H3),2･45(1 H, m , C H2
-3), 2･81(2H,
m , c H20f C-3 a nd CH20f C
-4),3･36(l H, m , C H2-4),3192
(l H,q,J=67 Hz, C旦MeP h),4･78(1 H, s, CH
-1),7･05- 7･49
(15 H, m , ar o m atic- H)･
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Ⅰn the pr e s e n ce ofpr otic a cid
ク′
さ､
N
H
1 60
””
7
”e
PhCHO
- - ･ ･ - -
･ ゆ
protic acid
PhH
声h reflux
ク
′
さ､
N
‖
”
7
M母＋
夢〆
迩､
”
門 島
1 64a
P h 声h 憾 a P h 紬
N
7
”母
w itha c etic a cid(1 m ol eq)in r eflu xing benz e n e w地 抄e a n-S 如 k
(Expト15 7)[Table 3, rln l〕
(1 S)- N -(β-3-indolyl)ethyトα -phe nylethyla mine 160(0･芝糾 盛, ま･e m m 怨ま) w 訊Aq
dis s olved in drybe n z ehe(8 0ml), a ndbe n z aldehyde l紹 免 恥ま急甚† ” m m Ol)銑迅d
A cOH(0.06g, 1.0 m m ol)w as added. The re a ctio n mixtu r e w a s r e触 詫倍感 触 慧4 b凱IrS
with De an -Sta rk w ate r s epa rato rco ntaining m ole c ula r s舶 e 4A(3g)I Th母 r 思a e舶 n
mixture w a s c o oledto r o o mtemper atu r e a nd n e utr ali笈ed with 15 %aqtleOuS NaO‡茸,
benzen elayer w a s s epar ated･ An aqu e o u slaye r w a s e x鵬 e紐d wiぬrnぬy呈紺 稔 ehl倍ride
a ndthe c o mbin ed o rga nic layer was washed with s atu r ated NaCl弧 d dr主監d o v e r
N a2S O4. Ev apor atio n ofs olv entga v e r esidu e(0･47g), which w as chr o m atogr aph蟹de ra
silic agel(B W-2 00, n -he x ane/ethylac etate =4:1)to affo rd d
.ia ste r e o m 缶ric m触 u r 培(0･30A,
8 5 %). T he diaste reois om er ratio of 164ato16Sa w a sdetermin ed by lH - N MR a nd
fo undtobe51:49.
With T F A(0.5 m ol eq)in r eflu xing be n z e n ewi th De a n･Sta rk
(Expt･1 62) [Table 3, ru n3]
(1S)- N -(β-3-indolyl)ethyトα -phe nylethylamin e160(0.264 g, I.0 m rn ol) w a s
dis s olved in drybe n z e n e(80ml), a nd be n z aldehyde162a(0.12g, 1.1 m m ol) a ndTFA
(0.057g, 0.5 m m ol)w a s added. T he re a ctio n mixtu r e was renu x edfo r24 ho u rs with
De an -Stark w ater s epa r ato rco ntaining m ole c ular s eiv e4Å(3g). T he r e a ctio n mixtu r e
w a s c o oledto r o o mte mper atu r e a ndn e utr aliz ed with15 %aqu e o u sNaO H,be n z e n elayer
w a s sepa r ated･ An aqueous layer w as e xtr a cted with m ethyle n e chlo ride and the
co mbined o rganiclayer w a s w ashed with s atu r ated NaCland dried o v er Na2SO4.
Evapo r atio n ofs olventga v ere sidue(0･45g), which w a s chr omatographedo n silic agel
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(迅W -芝00争 n-b培毘a n 監Ietl3yla e etate魂 l)to afo rddiaster e o m eric mixtu re(0･25g, 71 %)I
T hedia s-隠r 紺is e m 捻r r atio of 且紬to165a w asdetermin edbylH - N M Rand fou ndtobe
86:1確.
W ith
y
r F Å鰍芝S m ol eq)in r e鮎 xing be n z e n e with De a n･Sta rk
縛諾p‖ 痕轟)t甘漁h主監 3, 柑 五1 4】
りS)- ” - 鮮3-王nd8桝)ぬ yト恥Phe nyleithylamin e160(0･2 64g, Ilo m m ol) w a s
diss8iv ed in 如yb駿ri 芸e n e(80ml), andbe n z aldehyde162a(0･12g, 1･1 m m ol)a nd T F A
(oi8 臓首里,王,O`急51n ‡1iO)w 捻r昏 add稔d.T he r e a etio nmixtu re w a s r enu x edfo r24ho urs with
Dea n-Stark w ater s 培Pa r鵬 r c ontaining m ole c ular s eiv e4Å(3g)･ Th昏 r eaCtio n mixtu r e
w a se e Q舶 もo r o o m紐 mP昏T atur 昏 a ndneutraliz edwith 15% aqu e ou sNaOH,be n z e n ¢layer
w a s S ePa T 挽t怒8･ An･aqu - slaye r w a s e xtr a cted with m ethylene chloride a nd the
e o rnbin 昏d or盛弧iclay昏r W e r e Washed withs atu r ated NaCland dried o v e rNa2S O4･
Ev 払P即 atio nぱ s 8まv e ntg払V 色 r e Sidu e(OA 7g)which w as chr o m atogr aphed o n sili
cagel
(迅W -200手 n -h既 a n e!ethyla eぬ 紐 芸4:1)to affo rd diaste reo meric mixture(0･34g, 96 %)･
Th捻dias紐r e Ois o m 那 atio of 164ato165a wasdete rmin ed by
lH- N M Ra nd fo u ndtobe
75ニ之5.
w ith TF A(3.0 m ol eq)in r entl Xing be n z e n ewith De a n
･Stark
(E叩t･之53)lTable 3, γu rl5]
(1S)淋 鮮3-indolyl)ethyトα -phe nylethyla min e 160(0･3 3g, 1･25 m m ol) w a s
dis s olv edin drybe n z e n e(80ml), a ndbe n z aldehyde162a(0･13g, 1
･375 m m ol) a nd
T F A(之.8ml, 3.0 m m ol) w e r e added･ The reactio n mixtu re w as r eflu xed fo r2
4 hou rs
with De a n-Stark w ate r s epar ato r C O ntaining m olecular s eive 4Å(3 g). T he re a ctio n
rmitu r e w a sco oledto r o o mte mpe r ature a nd ne utr alized with
15 %aque ous NaO H,
ben z e n elayer w as s epar ated･ An aqueo u slayer
w as e xtr a cted with m ethyle n echlo ride
a ndthe c o mbined orgaJliclayer we re w a sh withs atur ated N
aCla nd dried ov erNa2S O4･
Ev apo r atio n ofs olv e ntga v e r e sidu e(0･5378g)whichw
ascho m atographedo n silic agel
(B W-200, n-he x a n e/ethyla cetate= 4:1)to affo rddiaste r e o m e ric m
ixtu r e(0･17g,39 %)･
6 7
T hedia ster e ois om e r ratio of164ato165a w asdete rmin ed by
lモ-I- N MR a ndf(3t mdtobe
75:25.
with T FA (0.5 m ol eq)in r efltlXing be n 批 n e With Dea n･Sta軸
(Expt-196)[Table 3, ru n6]
(1 R)- N -(β- 3-Indolyl)ethyトα -phe nylethylamin e 161(0･264g, Ilo T℃ m ('u W a s
dis s olv ed in dryben z e ne(80 mi), a nd be n z aldehyde1 62a(0･12g, Il m m ('l) a ndTPA
(o.o57g,0･5 m m ol)w ereadded･ T he reactio n rmitu re w a srenu x edfo r芝ヰ h訊 耶 With
Dea n-Sta rk w ate rsepa r ato r c o ntaining m oleムula r s eive4Å(3g)I T he r e a ctio n m触 Te
w a s c o oledtoro om tem per atu r e andn e utr aliT･edwith 15 %aqueou sNaOⅠ
′頚書be}n 芸紺 怒ほyer
w a s s eparated･ An aqu e o u slayer w a s e xtr a cted with m ethyle n e chlo Tほe a n ∈川一徳
c o mbin ed o rganiclayer w e r e washed with s atu r ated NaCla nd dried o v e rNa芝SO4･
Ev aporatio n ofs olv e ntga v e r esidu e(0･46g), which w a s chr o matogr apbed o n silic agel
(B W- 200, n -hex a n e/thylac etate=4:1)to affo rddiaste r e o meric mixtu r e(0･之5展, 7呈%)･
T he diastereois o mer ratio ofe nt･164ato e nト165a w asdeter min ed by
lH- N M Ra nd
fo undtobe 84:16.
w ith p -toluene s ulfonic a cid(1m ol eq)in r eflu xing be n T,e ne W 肋 De 汲n
･
Sta rk (Expt-1 61) [Table 3, ru n7]
(1S)- N -(β-3-indolyl)ethyl- α -phe nylethyla min e1 6 0(0･2 64蛋, 1･O m m ol) w a s
dis s olv ed in dryben zen e(80ml), and ben z aldehyde162a(0･12g, l･lr n m ol)a nd TsO H
(0.172g,1.0 m m ol)w ere ad ded･ The r e a ctio n mixtu r e w a s r eflu x ed fo r48 ho u rswith
De a n-Sta rk w ate r s epar ato rco ntaining m ole c ularseiv e4Å(3g). The r e a ctio n mixtu r e
w a s c o oledto r o o mte mpe r ature a nd n e utr aliz ed with 15 % NaO H, be n z e n elaye r w a s
separated･ An aque o u slaye r w a s e xtr a cted with m ethylene chlo ride a ndthe c o mbin ed
o rganiclaye r w erew a shed withsatu rated NaCland dried o v e rNa2SO4. Ev apo r atio nof
s olve ntgav eresidu e(0･5 1g) which w a s chro matogr aphed o n silic agel(B W-200, n -
hex a ne/ethyl a cetate=4:1)to affo rd dia ste r e o m e ric mixtu re(0.15g, 43 %). T he
dia stere ois om e r ratio of 1 64ato165a w a sdete rmined bylH - N M Ra nd fo u ndtobe70:
3 0.
6 8
W i恵払 m 愈紬 汲n e 鳥悦蜘 nic 執Ci捜(O.OS m ol eq)in r eElu xing be n z e n e with De aか
St払Tk (Exp毛一畳汐7) rF飽ble 3, 柑 n 9]
(ま騨 N棚 -3-王a舶Iyl)ethyトα -phe nylethylamin e160(0.264g, I.0 m m ol) w a s
dis s olv 監d主fl鮎y b紙 器e n e(80 ml), a ndbe n zaldehyde 1 62a (0.12 g, 1.1 m m ol)and
m 監ぬ挽n 捻S u肋 rl呈e a cid(0,057g, 0.05 m m ol)w er e added. T he r e a ctio n mixtu r e w as
r e弘 光監d 艶舶8 ho ur s with P母a n-Starkw ate r s epar ato r c o ntaining m ole c tllar s eiv e4Å(3
嘉)書 Tl篭昏 r 捻a eもまe n mixはre was C o oledto ro o mtempe ratu r e and ne utraliz ed withaqu e o u s
NaO托 b畿n 芝監n 昏Iay昏T W a s S 母Par ate乱 An aqu e o u slaye r w a s e xtr acted with m ethyle n e
ぬま8 ぎ皇d監 a nd 触e 肺 bin 捻d 即ga nielaye r w er e w ashedwiths atu ratedNaCla nddriedo v er
N盈急告8疎. Ev ap 胴 由 n 8fs 8iv e nt昏a V e r e sidu e(0･33g), which w as chr o m atogr aphedo n
silie 温爵郎 BW 慧眼 n-b母X 脱 e/ ぬyla e etate如:1)to血fforddiaste reom eric mixture(0･04g,
呈5 軌 Th窃 di盈島t ㈹ ぬ e m e r r atio of1 紬 to165a w asdetermined by
lH - N M Ra nd
ぬu nd毛ob母49;5l*
w 独 琵e主 格S mi in m etha n ol, 0.5 m ol eq)in reflu xing be n z e n ewi th
De 細 磯 執rk(濫Ⅹpt棚 番) 【T汲ble 3, r u n12]
(lS)淋(β-3-■王ndo 桝 母thyl# phe nylethylamin e 160(0･264 g., l･O m m ol)w as
dis s olv ed indrybe nz e n e(亀O ml), andbe n z aldehyde162a(0･12g, 1･l m m ol)a nd H Cl
(o.5 miin MeO fl, 0.5 m m ol) were added･ The r e actio n mixtu re w a s renu xed fo r48
ho u r s withDe a n-Stark w aters epa rato r c o ntaining m ole c ular seiv e4Å(3g)･ T he reactio n
mixtu r e W a s C O Oledto r o o mte mpe r atu r eand n e utraliz ed with 15 % NaO H,be n z e n elayer
w a s s epa r ated･ An aqu e o u slaye r w a se xtr a cted with m
ethyle n e chlo ride a ndthe
c o mbin ed orga niclaye r we r e w a shed withs atu r
ated NaCland dried ove rNa2S O4･
Ev apo r atio n ofs olv e ntgav e r e sidu e(0･40g), whi
ch w as chro m atographedo n silic agel
(B W- 200, n -he x an e/ethylacetate-4:1)to affo rd diaste re o m e ric mixt
ure(0･23g, 65 %)I
Th昏dia ste re ois o m e r ratio of 164ato165a w asdetermin ed by
lH- N M Ra nd fou ndtobe
52:48.
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w ith triphe nyl bo r ate (1･O m ol eq)in r eflu xing be n 岩e r' e With De 執n
-S生抜rk
l
(Expt･158)[Table 4, ru nl]
(1S)- N -(β-3-Indolyl)ethyトα -phe nylethyla min e 1 60(0･264 g, Ilo mlTl鋪 a n ∈l
B(O Ph)3(0.29蛋,1.0 m m ol)w e r edis solved in drybe n z･e n e(80 ml), a nd b紺 盗a!d ぬyde
162a(0.12g, 1.I m m ol)wa sadded. T he r e a ctio nmixtur ew a s r eflu 荒edfo r5ho u r箆 W皇th
Dea n-Stark w ater s epar ato r c o ntaining m ole c ula r s eiv e4Å(3g)･ Th色 r e a eぬ mixtu r e
w as c ooledto ro o mte mpe r atu re a nd n e utr aliz ed withaqu e o u sNaO‡
･
,
be n･E 紺 捻 はye r w a s
s epa r ated･ An aqu e o u slaye r was e xtr a cted with m ethyle ne chloride a ndthe C o mbin ed
organiclaye r were w a shed withsatu r ated NaCla nddriedove rNa2S O4･Ev ape r 銑由 n t3f
solve ntga v e r e sidue(0.61 2g), which w a s chr Q m atOgr aPhed o n silic agel(B W
-芝ooや
c H2C12/ MeO H= 10:1) to afford dia ste r e o m e ric miⅩtu r e(0･338 鳥, 9･6 %)～ The
dia ster e ois o m er ratio of 1 64ato 165a w a sdetermin ed by
l=-NM Ra nd･触 ndto be
60:4 0.
With triphenyl bo rate (1 m ol eq)at r o o mte mpe r atur ein be n 諾e n e
(Expt･17 0) [Table 4, r u n2]
(1S)- N -(β-3-indolyl)ethyトα -phe nylethylamin e 160(0.2 64蛋, 1.0 m m ol)a nd
B(OPh)3(0･29g,1･O m m ol)w er edis s olved indrybe n z e n e(30ml), a ndbenzaldehyde
162a (0.12 g, 1.1 m m ol) w a s ad ded. The r e a ctio n mixtu r e wa s stirr ed at r o o m
te mper atu r efo r24 ho u r s a ndthen ne utr aliz ed withaqu e o u sNaO H, be n z e n elayer w as
s eparated･ An aqu e o u slaye rw as extr acted with m ethyle n e chlo ride a ndthe co mbin ed
orga niclaye r werew a shed withs aturatedNaCla nd driedo v e rNa2S O4･ Evapo r atio n of
s olve ntgav e residu e(0･637g), which w as chro m atographed on silic agel(B W-2 00,
C H2C12/ MeO H=1 0
'
･1) to afford dia stere o m eric mixtur e (0･27g, 77 %). T he
7 0
dia 細
q
紺is 8i･
･
n 鐙 m atio L3F ま細魚tOま感5a w a sdet母rmined by
lH-N M Ra nd fo u ndto be
58:疎芝.
W 呈thもTi野h曽nyl l柏 訂執毛色 く農 m o呈eq)払t 舶
oC in m ethyle ne chlo ride
(Ex締ま納)El甘執ble 轟き 柑 n 3ヨ
(lS)- N胡 -3-王n舶Iyi)軸yトα -phe nylethylamin e160(0･264 g, i,0 m m ol)a nd
a(O Ph)3(8,認9岳,i.8 m m ol) w e r 昏dis s olv edindry m ethylen e chlo ride(30 ml), a nd
b敬n 笈･aldehyd捻 量感豊漁(8*l急甚,l･i m m ol)w as addedL The r ea ction mixtu re w a s stirr ed at
4e窃琵f母r 鵬 h8 u rS a ndもb昏il n 弧tr aliz ed withaqueo u sNaOH, m ethyle n e chlo ridelaye r
w a毘S 聯 r鵬 d･ 舶 aqu 昏OuSiay母方 W 舶 母Xtr a Cted with m ethylen e chloride a ndthe
e B mbirま稔d o 聯 nielay捻r W 母r昏 W a Sh昏d withs atu r ated NaCland dried o v e rNa2S O4･
鼠va野r a舶 n efs olv 提ntgaV 捻,re sidu e(0･69g), which w as chr o m atoEr aPhedo n silic agel
宅B 淋 芝眼 だH急∈榔M監O H諾IO:i)to a
'ffo rddiastel'e O m eric mixtu re(0･20g, 57 %)I T he
dia st畿r 恐O呈s o m 思T r盈舶 of ま糾払tO･165執 W aSdete rmin ed bylH-N M Ra nd fo u ndto be
57:ヰ3.
w i也triph m y! bor atL
l (1･O m ol eq) at r o o mte mpe r atu r ein m ethyle n e
ch 如真如(h pt-まS9)[T 油Ie 4, rtl n4】
(lS)淋 鮮3-王ndolyま)昏thyl- α- phenylethyla mine 160(0･264g, Ilo m m ol)a nd
a(O Ph)3(0.芝9 g, l10 m m ol)w er ediss olv ed in dry methyle n e chlori de(2
0 ml), a nd
ben芝aldehyde162汲(0･12g, i一l m m ol)w a s added･ The r e a ctio n mixt
u re w a s stirr ed at
r o o mtempe r atu r efo r96ho u rs a ndthe n n e utr
aliz ed with aqu e o u sNaO H, m ethyle ne
chl即idelaye r w a s sepa r ated･ An aqu e o u slaye r w as e xtr a
cted with m ethylene chloride
a ndthe combin ed o rganic laye r w e re w ashed with s a t ur
ated NaCland dried ov e r
Na2S O4･ Evapor atio n ofs olv e ntga v e r e sidu e(0･65g), which w a s chr
o m atogr aphedon
silic agel(B W-200, CH2C12/MeO H
=10:1)to affo rddiaster e o m e ric mitu re(0･08g･
23%). T he dia ste reois o m er r atio of 164ato165a w a s
dete r min ed bylH - N M Ra nd
fo u ndtobe61:39.
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w ith B F3｡OEt2(1 m ol eq)in r e伽 Ⅹ主ng be m 2･er&e W音thD 紺 n
～S 伽 艶
(Expt- 206) [Table 4, r u n5]
(1S)- N -(β-3-Indolyl)ethyトα -phe nylethylamin e 160(0･芝64g亨 l･O m m ol) w a s
dis s olved in dry be n z en e(80ml), a ndbe n z aldehyde 162a(0･1 芝g, Il m m ol) a nd
B F3｡O Et2(0.12ml, 1.0 m mol)w e r e added･ T he r e a ctio n mixtu re w a s re恥 x edfo r之4
hou rswith De a n-Sta ,k w ater s epar ato r c o ntaining m ole c ular sie v e4Å(3A)I T he re a ctio n
mixtu re w a s c o oledto r o o mtempe r atu r e a ndn e utr aliz ed withl･5% NaO H,be nTh 紺 elaye r
w a s s epa r ated･ An aqu e o u slaye r w a s e xtr a cted with m ethyle n e chlo Ticl監 a
nd ぬe
c ombined o rga niclayer心e r e w a shed with s atu rated NaCl a nd dTicd o
v e rN昭SO4･
Evapor atio n ofs olve ntga v ere sidu e(O A 33g), which w as chr o m舶 gr apbe clo n silic agel
(B W-200, n -he x a n e/ethyla c etate=4:1)to affo rddia ste re o m e rie mixtu re(0,06i,17%
L)･
T hedia ste re ois o mer ratio of164ato165a w asdete rmin ed by
lⅠ-I- NMR a n亡1fo u ndtobe
73:27.
w ith B F3･OEt2 (0.5 m ol eq)in r eflu xing be n z e n e With De 免n･St執沌
(Expt･ 2 11)[Table 4, r u n6]
(1S)- N -(β-3-indolyl)ethyトα -phe nylethyla min e 160(0･264 g, Ilo m m oi) w a s
dis s olv ed in dry be n z e ne(80 ml), a nd be nz aldehyde 162a(0･12蛋, 1･l m m ol) a nd
B F3･O Et2(0.06ml, 0.5 m m ol)w ere added･ T he r e a ctio n mixtu r e w a s r enu x ed fo r24
ho ul･S With Dean - Stark w aters epa rato r c o ntaining m ole c ula r siev e4Å(3g). T he re a ctio n
mixture w a s c ooledtor o o mte mper atu r e a nd n e utr aliz ed with 15% NaO H,ben 7Jen elaye r
w a s s epar ated. An aqueou slaye r w a s e xtr a cted with m ethyle n e chlo ride a ndthe
c o mbin ed o rga niclayer w e rwa shed withs atu r ated NaCl a nd dried o v e rNa2S O4.
Ev apo ratio n ofs olv e ntga v e r e sidu e(0･46g), which w a s cbr o m atographed o n silic agel
(B W-20 0, n -he x a n e/ethyla c etate =4:1)to affo rd dia stere o m eric mixtu r e(0.1 9g, 54 %).
Thedia stere ois o me rratio of164ato165a w a sdete r min ed bylH - NM Ra ndfoundtobe
71:29.
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W ith B F3戦O 鑑t望(盈 恥 I eq) at 柑 O m te mpe r atur ein m ethylen e chlo ride
(Rxpt一 之沿S) 【甘執払ie 鴇, ru n容】
To a sぬio迫 母f=S)淋 鮮3-Indolyl)ethyトα -phe nylethyla min e160(0.2 64蛋, 1.0
m m ol)indry m ぬyle n e ehlo r皇de(30 ml)w ere ad ded be n z aldehyde162a(0･12g, 1.1
m r'n ol)a n 宅ま 肝3♯0馳 (0･l芝軌 l･O m m ol)under argo n. The rea ctio n mixtu r e w as stirr ed
fo r7急 ho u f Satr o o mlei判p弧 tu re･ T he r e a ction mixtu r e w as ne utraliz ed with 15%
NaO王､D'rf号 rⅠ1e 卿 e n e ehlo ri由 iay即 W a S Separ ated. An aqu e o u slaye rw a s e xtr a cted with
i嘘 hyie n 捻ぬlo Tide 弧aぬe e o王軸in edo rga niclayer w e re w ashedwiths atu ratedNaCla nd
dFi捻d 馴 思r N昭S O確書 Ev apo r atio n of s olv ent ga v e r e sidu e(0･48g) which w as
ehr o m at聯 aPh母d eln Silie a澄監l(B W･200, n -hex a n e/thyl a c etate=4:1)to affo rd
ぬ 鵬 r 監0‡n e r皇e rnixtu r 昏(().O呂甚,乏3%). T he dia ster e ois o m e rratio of 164ato1 65a w as
d･et畿rm呈n edbyl払N M Ra nd fo u ndtob昏80:20.
Wi蜘 敷F3巻0 混t誌(,I m o! cq)at 40
oC in m ethylene chlo ride
(混Ⅹp毛- 芝脚) ET執b主e 4,. r u n9】
To asolu舶n e川 S)淋(淋3-indolyl)ethyトα -phenylethyla min e160(0.264g, 1.0
m 斑1 01)in dryⅠn ethyle n 監 ehl･o ride(70 m ･1)w e r e added be n z aldehyde162a(0.12g, 1.1
m m ol) 弧dB F3･O Et2(0.ほ ml, I.0 m m ol)a ndthe nthe re a ctio nmixture w a s renux ed
fo r48 ho u rs事 The rea etio rl mixtu re W asCO Oledto r o o mte mpe r atu re a nd ne utr aliz ed with
15 %NaO壬も m ethyle n e Chlo ridelaye r w a s s epar ated. An aqu e o u slayer w a s e xtr acted
with m 母thylene chlo ride a ndthe co mbin ed org aniclayer w ere w ashed withs atur ated
NaCland driedo v e rNa2SO4. Ev apo r atio n ofs olventga ve re sidu e(0.40g), which w a s
cbr o m atogr aphed on silic a gel(B W-200, n - he x a n e/thyl a cetate= 4:I)to affo rd
dia st･e re o m e ric mixtu re(0.07A,20 %). The diaste reois o m e r r atio of 164ato1 65a w a s
dete rmin ed byl払 NMR a ndfo u ndtobe56:44･
W ith B F3･OE t2(0.5 m ol eq)at r o o mte mpe r atu r ein m ethyle ne chloride
(Expト 210)[Table 4, r u n10]
To a s olutio n of(1S)-N -(β-3-Indolyl)ethyトα -phe nylethylamin e127(0･264g, 1･O
m m ol)in dry rn ethyle ne chlo ride(20ml)w ere added be nzaldehyde16 2a(0･12g, 1･1
7 3
m m ol)a nd B F3｡O Et2(0･06 ml, 0･5 m m ol)･ The r e a ctio n rmitL-r監 W a 呂 S触 ed f'-rま鮒
ho u r s at r o o mtempe r atu r e･ The re a ctio nmixtu r e w a s n
e utr aliT･ed with ま5% Na訓 dⅠ,
m ethyle n e chlo ridelaye r wa s s epa r ated･ An aqu e o u slaye rw a s e xtr a ete 亡Iwith m e柑 e n e
chlol･ide a ndthe c o mbin edorga niclaye r w erw ashed withs atu l
･
ated NaCla n ∈
Ll drie (I(㌔)v e r
Na2S O4. Ev apo r atio n ofsolv e ntga v e r e sidu e(0･3 6g), which w a s chr o m ato即aPhedo n
silic agel(B W-200, n -he x a n e/ethyla c etate=4:1)to affo rd diaste re orneI
●ic mixttlre織017
g, 5 %)I T he diaste r eois orn e r r atio oF164ato1 6 5a w a sdete r min ed by
l‡ヰ-JNM Ra n ∈,I
fo undtobe5 6:44.
w ith Y b(OT f)3 (0.05 m o† eq) at r o o mte mpe r atu r ein m 抽 yi紺 e Ch 加蔓iI,l監
(Expt･2 00)[Table 5, r u nl]
(1 S)- N -(β- 3-indolyl)ethyトα - phe nylethyla min e 160(0･264 蛋, I一o mrrl Ol)a nd
y b(O Tf)3 (0.031g, 0.0 5m m ol)driedu nder a rgo n w ere su sperlded in dry m ぬ yle n e
chlo ride(30ml), and be nz aldehyde162a(0･12g, 1･1 m m ol)w a s added･ T h監 re a eぬ n
mixture w a s stirred at ro o mte mper aturefo r168ho u rs a ndthe n n e utr aliT･ed with 15%
NaOH, m ethyle n echlo ridelaye rw as separ ated･ An aqu eou slaye r w a s e xtr a cted with
m ethyle n echloride a ndthe c o mbined orga niclayer w ere w a shed withs atu rated Naela nd
dried ov er Na2S O4. Ev apo r atio n of s olv e nt ga v e r esidu e(0･3 6g), wbieh w a s
chr om atographed o n silic agel(B W-200, n -he x an e/AcO Et= 4:I)to affo rddia ster e o m e ric
mixtu r e(0.O 12g,4 %). T he dia ster eois om er r atio of164ato165a w a sdete r min edby
lH _ N M Ra nd fわu ndtobe54:46.
W ith Y b(OT f)3 (0.05 m ol eq) at 40
oC in m ethylen e chlo ride
l
(Expト203)【Table 5, r u n2]
(1S)- N -(β-3-Indolyl)ethyトα - phe nylethylamine 160(0.2 64g, 1.0 m mol)a nd
Y b(O TO3 (0･03 1g, 0･0 5m m ol)driedu nder argo n w er e s u spe ndedin dry m ethyle n e
chloride(8 0ml), and be n z aldehyde 162a(0.12g, 1.i m m ol)w as added. T he re a ctio n
mixture w as stirr ed at 4 0oC fo r48 hours a nd then ne utraliz ed with 15 % NaO H
,
m ethyle n echloridelayer w as separated･ An aqueo u slayer w a sextra cted with m ethylene
chloride andthe c o mbin ed organiclayer w ere w a shed withs atu rated NaCland driedo v er
7 4
Na芝S 恥 転v apo ratio n ofs olv e ntga v er e sidu e(0･4 0g), whichw a s chr o m atogr aphedo n
silie a島el(B 恥 芝00･ かhe x a n e/AeO 鮎4:I)to affo rd diaste r e o m eric mixtu r e(0.022蛋,6
%)I T hedia 盤t監re Ois o 投首e ratio of 164ato165a wa sdetermin ed bylH-N M Raridfo u nd
I(,)be55:45,
W呈th ■Y b(0 耶泊 恥05 m ol eq) in r eflu xing be n z e n e with Dean･Sta rk
(鑑賞pt･之鵬) E7aモ舶 5学 T u n3】
(まS)淋 鮮3-indolyl)ethyl補ぃPhe nylethyla min e 160(0.264g, I.0 m lT1 01)and
Y b(O
p
Tf)3 ∈0･0ヨl展, 0･OS m m ol) w e re s tlSPe ndedin dry be n z e n e(80 ml), and
be n 岩a王dぬyd監ま6之汲∈8.l 誌g,i.ま m m ol)w as added. The r e a ctio n mixtu r e w as r enu x ed
B捻挽n-Sta王ak w 軌t捻T S 捻Pa r a伽 e o ntaining m olecula r sieve 4Å(3 g)for24 ho u r s. The
r 組 etio n 王ゝni拙 r忠 W aS e e O王edto l*O O mtempe ratu r e a ndthen n e utr aliz ed with aqu e o u s
N盈O H,b紺 諾紺 elayer W a 蕊 S ePa r a紐d. An aqu e o 耶Iayer w a s e xtr a cted with m ethyle n e
ehlorid母 a n虎ぬe e o ‡nbine舶 rga nielaye r w er e w ashed withs atur ated NaCla nddriedove r
N払2S O4. 藍v aper aぬ n ofs olv e ntga v e r e sidtle(0.46g), whichw a s･chr o m atogr aphed o n
silic a盛怒=迅恥 之OO, a-he x a n e/AeO Et= 4:I)to affo rd diaste re o m eric mixtu r e(0･14g, 40
恥 T he 血 ste r 組is o m e r r atio of164ato165a w asdete r min ed bylH -N M Ra nd fo u nd
tobe55:45.
W ith Et2ÅlCl(i rn ol eq)at r o o mte mpe r atu r ein benz e n e
(Expt-之60) [Table 5, ru n6]
To a s oiutio r1 0f(まR)-N-(β-3-Indolyl)ethyトα -phenylethyla mine 161(0･264g, 1･O
m m ol)in drybe n zen e(20ml)w e re added ben zaldehyde162a(0･12g, 1･l m m ol)a nd
Et2AI Cl(0,1imi, i.1 m m ol). The r ea ction mixtu r e w a s stirr ed atr o o mtem peratu refor
24 ho u rs. The reaction mixtu r e w a s ne utr aliz ed withaque o u sNaO H, m ethylene chlo ride
laye rw as separated･ An aqu e o u slaye r w a s e xtra cted with m ethylen e chlori de a ndthe
c o mbin ed o rga niclaye r w e r e wa shed withs atu r ated NaCla nd dried o v e rNa2S O4･
Ev apo r atio n ofs olv e ntga v e re sidu e(0･5017g), which w as chr o m atographed o n silic a
gel(B W 200, n-he x a n e/AcO Et= 4･
･1)to afford dia ster e o m e ric mixture(0･179g,51 %)･
7 5
The dia ste r e ois om e r r atio ofe nト164ato c n‖6Sb w a sdete r minedby
l革もNMR a nd
fo u ndtobe5 0:50.
w ith E t2AICl(1 m oleq) at r o o mte mpe r atu r ein m ethyle n e chlo ride
(Expt･259) [Table 5, ru n 7]
To a s olutio n of(1 R)- N-(β-3-indolyl)ethyl- α -phenylethyla min e 脚 (0･2糾 g･ 壬･O
m m ol)in dry m ethyle n echloride(20ml)w e r e addedbe n 7Jaldehyde号6之執(0･1 2g, I.I
m m ol)and Et2A ICl(0.11ml, I.1 m m ol). T he r e a ctio n mixtu r e w a s stirr e∈王 atl
叫
()モ)ln
te mpe r aturefor 24 hou rs･ T he re actio nmixtu re w a s n e utraliz ed withaqu 紺 u SNa(軌
m ethylen echlo ridelaye rw a s s epa rated･ An aqu e o u slayer w as e xtr aete cl witlu Tl 畿thyle n 監
chloride andthe combin edo rganiclayer we re w ashedwiths atu r ated NaCla n 〔l dri恩 納 v e r
Na2S O4. Ev apor atio n ofs olv e ntga v e r e sidu e(0･5 10g), which w a s ehr o m ato爵r aPh監d
on silicagel(B W 200, n-he x a n e/AcO Et= 4:1)to afforddiaste reo m e ric mixtu f 恩給176貰,
5 0 %). T he dia ste r e ois o m e r r atio of e nト164ato e nト1 6 5a w a sdeter min 監d by lを‡-
N M Rand fわu ndtobe67:33.
W ith Et2AlCl(1 m ol eq)at ro o mte mpe r at ur ein m ethyle n e chl肝量de
(Expt-2 63) [Table 5, r u n9]
To a s olutio n of(1 R)TN -(β-3-indolyl)ethyl- α -phe nylethylamin el朋 (0.孟舶 g, i.0
m m ol)in dry m ethylen echlo ride(20ml)w er e added be n z aldehyde丑62執(0書1 2g, i.i
m m ol)a nd Et2AICl(0.llml, 1.1 m m ol). T he r e a ctio n mixtu re w a s stirred atr o o m
te mperatu re for 0.5 ho u r･ The r e a ctio n mixtu r e w as n etltralized with 15 %NaOFⅠ,
m ethyle n e chlo ridelayer w as s epar ated･ An aqu e o u slayer w a s e xtr a cted with m ethyle n e
chloride a ndthe c o mbined organiclayer werewashed withs aturated NaCla nddriedove r
N a2S O4･ Ev apo r atio n ofs olv entga ve residu e(0 3 10g), which w as chr o m atogr aphed
o n silicagel(B W-200, n -hex ane/AcOEt= 4:1)to affo rd diaste re o m e ric mixtu re(0.08 13
g, 23 %)I T he dia ster e ois o m e rratio oft nt- 164ato e nt･1 65a w a sdete rmin edbylH -
NM Ra nd fわu ndtobe67:33.
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W ith a-C SA 呈38 (()･5 m ol eq) in r eflu xing be n z e n e with De an .Sta rk
(Expt･ま舶)E管執bl倍 7, r u n .1]
(まS)淋 鮮3-i‡ 舶 yl)ぬyト慌 -Phenylethylamin e160(0.264g,1.0 m m ol)a ndd- C S A
l舶 (8･lま6 展,8･5 fX- m Ql) w e r ediss olv ed in drybe nz e n e(80 ml), a nd be nzaldehyde
･農6芝執(0･12g育ま.in
F
lⅠ
.
lu )i w a s added.T he re a ctio n mixtu re wa s r enu x ed with De an_Stark
w aもe T SePal
･
a 伽 e o ntainin甚 m Oleeular s eiv e4Å(3蛋)fo r24ho u rs. The re a ctio nmixture
w as e o oie如 o 柑 Oよ,l3 加 聯 r atu r e a ndthen neutr aliz ed with 15% NaO H,be n z e n elayer
w a s s 母Pa r ated･ An aqu 紺 uSlayer w asextra cted with m ethyle n e chlo ride a nd the
C o mbin ed o r蕗弧ielaye r we re wa shed with s atu r ated NaCla nd dried ove rNa2S O4.
Ev apo r atio nofs olv entga v 昏 re Sidu e(0･46蛋)which w as chr o m atogr aphedo n silic agel
(B W-2(軌 n-he x an e/AcO 岩t= 4:i)to afford dia ster e o m eric mixtur e(0.20g,57 %). The
diaste r e ois o r n e r r atio of 164執tO165且 W aSdete r min ed by
lH - N M Rand fo u ndto be
47:53.
With d･C S A 13蕃(0.5 n l Ol eq) in r eflu xing be n z en e with De a n･Sta rk
(Expt-194) rFable 7, r u n2】
(1R)- N -(β-3-王ndolyl)ethyトα -phe nylethylamin e1 61(0･264g, 1.0 m m ol)a nd d- C S A
16 6(0.11 6A, 0.5 nl m Ol) w e rediss olv ed in dry ben z e ne(80ml), a nd ben zaldehyde
16之a(0.12藍, 1.1r n m ol)w as added. T he reactio nmixtur ew as refluxed with De an-Stark
w ate r s epar ato r c o ntaining m ole c ula r sie v e4Å(3g)fo r24 ho u rs. T he re a ctio nmixtur e
w as c o oledto roo mternpe r atul
･
e a ndthe n n e utr aliz ed with15% aqueousNaO H, be n zene
layer w a s s epa r ated･ An aqu e o u slaye r w as e xtr a cted with m ethyle n e chloride a ndthe
c o mbin ed o rga nic laye r w e r e w a shed with s atur ated NaCla nd dried o v e rNa2S O4･
Ev apor atio n ofs olve ntga v e re sidu e(0･40g), which w as chro matogl
.
aPhed o n silicagel
7 7
(BW -200, n -he x a n e/AcO Et= 4:1)to affo rddiaste r e o m e ric mixtu r e(OJ 8蕗, 引 取 Tll e
dia stere ois o mer r atio of e nt･164ato e nt-1 65a w asdete r min ed byl‡ふN M Ra ndfou一-a
tobe55:45.
with(S)･ m a ndelic acid 139(0.5 m ol eq)in r eflu xing be n
I
Z･e n e W弼I pea n-
Sta rk (Expt･195) [Table 7, r u n3]
(1S)- N -(β-3-indolyl)ethyトα -phenylethylamin e160(0･264盛, I･O m m ol)a nd(S)-
m a ndelic a cid167(0.076g, 0.5 m m ol) w er edissolv edin drybe n
'
zJe n 捻(約 ml)専 a nd
ben zaldehyde 1 29a(0.12g, Il m m ol)w as added･ T he r e a ctio n mixtu r e w a s re伽 光思CI
with De a n-Stark w ater s epa r ato r c o ntaining m ole c ular s eiv 色4Åfor6ho u rs. Th拾 r 飽 e舶 n
mix tu re w as co oledto r o o mtemper atu re andthe n n¢utr aliz ed with 15 %a耶 e O u 毘NaO H,
benz en elayer w a s sepa r ated. An aqu e o u slaye r w asextr a cted withlTle軸1e n 監 ehlo ri亡まe
a nd the c o mbin ed o rga niclaye r w e r e w a shed with s atu r ated NaCla nd dried o v e r
Na2S O4. Evapo r ation ofs olv e ntga v e residu e(0･40g)which w as chr o m atogr aphedo n
silicagel(B W- 200, n -he x a n e/AcO Et= 4:1)to affo rd diaste re o m e ric mixtu r e(0.3089A,
88 %). T he dia ste r e ois o m e r r atio of16 4ato165a w a sdete r min edby lH- NM Ra nd
fわu ndtobe52:4 8.
W ith N - Ts･ L ･pr olin e 1 68(1.0 m ol eq)in r eflu xing be n 2:e ne With De 免rl･
Stark (Expt･18石) 【Table 7, ru n 4】
(lS)- N -(β-31indolyl)ethyトα -phe nylethyla min e1 60(0.264g, I.0 m m ol)a nd N- Ts-
L-pr olin e168(0･269 g, 1･O m m ol) w e r ediss olv ed in dry be n z e n e'(80ml), a nd
be n z aldehyde162a(0.1 2g, 1.1 m m ol)w asadded. The re a ctio nmiⅩtu r e wa s refltl X ed
with De a n- Stark w ater s eparato r c o ntaining m ole c ular s eiv e4A(3g)for9ho u rs. T he
re a ctio n mixtu r ew asco oledto r o o mte mpe r atu r e a ndthe n n e utraliz edwith15 %NaOH,
benzenelaye r w a s s epar ated･ An aqu e o u slayer w a s e xtr a cted with m ethyle n e chlo ride
and the c o mbin ed organiclaye r we re w ashed with s atu r ated NaCla nd dried ov e r
Na2SO4･ Ev apo r atio n ors olve ntga v e r e sidu e(0･43g), which w a s chr o m atogr aphed o n
silicagel(B W-200, n -he･x an e/AcO Et= 4:I)to afford diaster eo m eric mixtu r e(0.3475g,
7 8
e)(, 恥 T he 戯atqte r 紺is - e r ratio of丑舶ato16Sa wa sdetermin ed bylH - N M Ra nd
f飢I n こItobe46:5礼
With N-甘s- a -pr o呈呈n e i69(1.0 m ol eq)in r eflu xing benze ne withDe an･
Sta rk(鑑x野毛-iS9)(.甘執音)le 7, r u nS】
(i S)- 〟 - 掛買-主ndolyl)ethyトα1,)he nylethylarnin e160(0.264g,i.0 m m ol)a nd N-Ts-
I)- 即 Oま紬e 王威伊(0.急69A,I.0 I n m Ol) w e r edis s olv edin dry be n T'e n e(80 ml), a nd
b監n Ydald思hyd思量6芝執(0.1芝題,i.i m m ol)w as added. The re a ctio nmixtu r e w as r enu x ed
w 肋 D惣a n-Star瓦 wa
･
ter s 監PaT atO rC O ntai mig m ole c ular s eiv e4Å(3蛋)for9ho u rs. The
T e a e由 n mix細 e w a s Co o.舶 to r o o mte mpe r atu re a ndthe n n e utraliz ed with15 % NaO H,
b紺 TJ 紺 elay監r S 昏Par at位d. Ån aq鵬()u Slayer w a s e xtr a cted with m ethyle n e chloride a ndthe
a ()lTlb呈ned 即爵弧ie はye r w e r e W ashed withs atu r ated NaCla nd dried o v e rNa2S O4･
Evapo r artio nofs o圭v 母ntga v e re sidu e(0･43g)which wa schro matogr aphedo nsilic agel
(B W-之8･0, n-h鋭 鼠n e/AeO Et認 4:1)to afford dia ste re o m e ric mixtu re(0･3475g,96 %)･ T he
d皇a s細 鮒is o m e r r a舶 of 16触 toま65a w a sdete rmin ed byl=- N M Ra nd fou ndto be
42:58.
W ith N- Ts- L ･try ptopha n 170 (1･O m ol eq) in refluxing benz e n ewi th
De 執n-Sta rk(濃叩t-190)[Table 6, r u n6]
(lS)-N -(β-3-lndolyl)ethyトa-phe nylethylamine 160(0･264g,Ilo m m ol)a nd N-Ts-
L, -tryptopha n170(0.358g, 1･O m m ol) we r edis s olv ed in dry be n z e n e(8 0ml), a nd
be n,L aldehyde162a(0.12g, l･l m m ol)w as added･ T he r e a ctio n mixtu re w as renu x ed
with De a n-Sta rk w ater sepa r ato r c o ntaining m ole c ular seive4Å(3g)fo r6 hours･ T he
r e a ctio nmixtu re w a s c o oledto ro om te mperatu r e a ndthen n e utr alized with 15 % NaO H,
be n z e n elayer w a s s epa rated･ An aqu e ouslayer w a s e xtr a cted
with m ethyle n echlo ride
a ndthe c o mbin ed o rga nic laye r wer e w ashed with s atu r ated NaCiand dried o v er
Na2SO4. Ev apo r atio n ofs olve ntga v e r e sidu e(0･51g), whichw a s chrom atogr aphedo n
silic agel(B W 200, a-he x a n e/AcOEt= 4:1)to afford dia ster e o m e ric mixtu re(0･340g,96
%). T hediaste r e ois o m e r r atio of164ato165a w asdete r min edby
lH- N M Ra ndfo u nd
tobe56:44.
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With T F A(1 m ol eq)in r eflu xing a c eto nitrile (FJXpト2i6)rF釜ぬIe 8与 r もI rl急
■
】
(lS)- N -(β-3-Indolyl)ethyトα -phe nylethylamine 160(0.264 g亨 1.(1) rrl王,n叫 w a s
dis s olv ed in dry ac eto nitrile(20ml), a nd be n z aldehyde 16之執(0. ほ g与 l.i m Ⅰn ol)挽n8
T F A(0.08r nl, 1.0 m mol)w e r e added. T he r e a ctio ndidn ot oc cur w王･1 erlthe.re a e舶 n
mixtur e was stirr ed atr o o mte mperaturefo r24ho u r s. T her efo 陀,fu rth捻r a e et8nitr日豊 縛O
ml)w as addedand then the r ea ctio nmiⅩtu r e w a s r enu xed fo r24 bo o rs. A鮎r r em o v althe
s olv e nt the re a ctio n mixtu r e w asdis s olv ed in m ethyle ne chlo ride a ndthe n neu 鵬l主監監d
with 15% NaO H, m ethylen e chlo ride laye r w asepa r ated･ An aqu e o u slayer w as
e xtr acted with m ethylene chloride a ndthe c o mbin ed orga niclayer w e re wa shed with
s aturated NaCla nd dried overNa2S O4･ Ev apo r atio nofs olv e ntga v e r e sidu e(0･3809嘉),
whichw as chro m atogr aphed on silic agel(B W-200, n -he x a n e/ethylac eta地 軸:I)to a胞rd
diastere o m e ric mixtu r e(0･06g, 17 %). T hediaster e ois o m e r r atio of164atol舶漁 Wa S
dete -in edby
l= - N M Rand fわu ndtobe78:22.
WithT F A(1 m ol eq)in r e伽 xing dio x a n e(Expt･21 7) 【Table 8, r t' n3】
(1S)- N -(β-3-Indolyl)ethyl- α -phe nylethyla min e160(0.264 g亨 1ゎO m m ol) w a s
dis s olv ed in drydio x a n e(20ml), andbenz aldehyde162a(0･12g, Il m m ol)a ndT F A
(0･12血 ,3･O m m ol)w er e added･ T herea ctio ndidn ot o c u r whe nthe r e a ctio n mixtu r e
w a s stir r ed at r o o mte mper atu r efo r24 hours･T he refo r e, furthe rdio x a n e(60 ml)w a s
addeda ndthenthe r e a ctio n mixture w a s r enu x ed fo r24h･ A fte r r em o v althe s olv e nt the
rea ction mixture w a sdis s olv ed in m ethyle n e chlo ride a ndthe n n eutr aliz ed with15%
NaOH, m ethyle ne chlo ridelaye r w a s s eparated･ An aqu e o u slayer w a s e xtr a cted with
m ethyle ne cI-1oride andthe combined orga niclaye rw e rew ashed withs aturated NaCla nd
dried ov er N a2SO4･ Evaporation of s olv e nt ga ve r esidu e(0･3 70 g), which w a s
8 0
ぬ o m at 聯 aPh思d o n 箆ilic ag倍1(B W-20, n-hexane/ethyl a c etate=4:1)to affo rd
dia ste re oま菅1 恩F皇e mixtu r e(0.之8g,79 %). T hediastereois o m e r;atio of164at｡165a w as
ぬ e r mined bylH- N M Ra nd fo u ndtob色68:32.
W i細 管野A(軌S m ol 監q)呈n r enLI Xing tolⅦene with De a n･Sta rk
(鑑Ⅹpt一之IS)t
r
F鉄板le 蕗争 r u n4】
りS)-N胡 -3-Indolyl)ethyl撒 phe nylethylamine 160(0.264 g, I.0 m m ol) w a s
d皇s s 8lv 監din 舶y£ohl 弧 昏(80ml), andbe nzaldehyde162a(0.12g, 1.1 m m ol) and T F A
(8.857最, 8嶺慧 m m 蛸 w昏r 昏a朗色乱Th色 re a Ctio nmiⅩtu re w a steflu x edfo r24ho u rs with
日蝕 n-stark w ate r s 捻Par atO r C O ntaining m ole c ula r sie v e4Å(3g). T he re a ctio nmixtu r e
w as e o oi昏d ぬ r o o mte mpe r atu r e a ndn e utr aliz ed with 15% NaO H,be n z e n elaye r w as
s 培Pa r 払舶 . Ån aqu e o uslayer w as e xtr a cted with m ethyle n e chlo ride a ndthe c o mbined
o r鳥a nielay母r W e r e W a Sh昏d withs atu r atedNaCla nd driedo v e rNa2S O4･ Ev apo r atio n of
s olv e ntga v e r 培Sidu e(0.433A), which w as chr om atogr aphed o n silic agel(B W- 200, n -
h昏X a n e/培ぬyl a e etate芯4:I)to affo rd dia ste re o m erie mixtu re(0･277g, 79%)I T he
dias敵 組isom er r a如 of164ato165a w a sdete mined by
lH -NM Ra nd foundtobe 67:
33,
W ith 甘F A(0.5 m ol eq)in r eflu xing THE(Expト199) [Table 8, ru n5]
(1R)-N -(β-3 Jndolyl)ethyトα -phe nylethyla min e 161(O12 64g, 1･O m m ol) w a s
dis s olv edin dry T H F(20ml), a nd be n z aldehyde 162a(0･12g, l･1 m m ol) and T F A
(o.o4ml, 0.5 m m ol)w e r e ad ded. T he re action didn ot o c cur whe nthe r ea ctio nmixtu re
w as stirred atro o mte mpe r atu refo r48ho u rs･ T herefo;e,furtherT H F(60 mi)w as added
a ndthenthe r e a ctio nmixtur e was r efluxed fo r48 hou rs. A fterr em o v althe solv e nt the
r e a ctio nmixtu re w asdiss olv ed in m ethyle ne chloride a ndthe n neutl
'
alized with 15 %
NaO H, m ethyle n e chlo ridelayer w as s epar ated･ An aqu e o u slaye r w a s e xtra cted with
m ethyle n e chloride a nd the combin ed orga niclayer w e re w a shed withs atur ated NaCla nd
dried o v e rNa2S O4. Ev apo r atio n ofs olv e nt ga v = e sidu e(0･5 0g), which w a s
chr o m atogr aphed on silic agel(B W
- 200, n- hexa n e/ethyl a c etate=4:1)to affo rd
8 1
dia ste re om e ric mixtu r e(0.10 17g, 29%). T hediaste re ois o m e r l
'
atio ore nt-旦朗色 細 e nt-
1 65a w a sdeter min ed bylH - N M Rand fo u ndtobe55:45･
Pictet･Spe ngle r r e a ctio n with v a rious aldehydes
With p - m etho xybe n z aldehyde 162b in the pr e s e n c e of T FA 軌S m ol eq)
in r eflu xing be nz ene with De a n-Sta rk
1 62b
クー′
さヽ
N
H
160
””
7
” e
P h
p･ MeO C6H4C H O
T F A(0.5 m o)eq)
P hH
ク′
さ､.
(Expt･165) rTab!e 9, r tl n乏^1
㌢
N
H
r eflux l 糾b ク･
′
ヒ･､
”
7
M母＋
Ph
O M¢
さヽ
N
‖
165 b
I
I
l●
”
炉材
払
”
7
朗色
Ph
O we
To a s olutio nof(lS)- N -(β-3-indolyl)ethyl- α -phe nylethylamin e W}0(0･之64展苛1.0
m m ol)in drybe n zen e w e raddedp- m etho xybe n z aldehyde 162b(0.14蛋, i.ま m m ol)
a nd T F A(0.04 ml, 0.5 eq). T he mixtu r e w a s r eflu x ed with De a n- Sta rk appa r atu s
c ontaining m ole c ula r siev占4Å(3g)to r e m o v e w ate rthat w asfo r m ed fo r48ho u rs. Tlr e
r e action mixtu r e w a s c o oledto r o o mte mpe r atu r e a ndqu e n ched with 15 % NaOH,the
organiclayer w a s separ ated I An aqueo u slaye r w a s e xtr a cted with m ethyle n e chlo ride
andthe c ombin ed o rga niclaye r w a sdried o v e rNa2S O4･ Re m o v al ofsolve ntga v ethe
residu e(0･4 6g), which w as chr o m atographedo n silic agel(B W -20 0, n -he xane/ AcO Et
= 4:1)to affordthe dia ste reoiso mer mixtu re(0.143g,3 9 %). T hedia ster e o m e r r atio w a s
deter min ed bylH - N M Ra ndthe r atio of 164 ba nd 16 5bw asfo u ndtobe67:33. T he
mixtu re of dia ste r e o m ers w a s s epar ated byfr a ctional crystalliz atio nto gi v e165bas
c olorles sprlS m S a nd X-r aystm ctu r eofit w a s sho w nin Fi即re3･
Data of c o mpo u nd l64 b
[2[(S)- α -Phenylethyl]-1-(S)サ m etho xylphenyl- 1,2,3,4-tetr ahydro-9 H-pyri do【3,4-b]
indole]
Yellow a morphous.
[α〕D24-4.3o(c= 1.0, C HC13).
IR(K Br)c m
-I:3 400
,
3 000
,
1600, 1500, 700, 650.
82
MASS,L R FA BM S: rTJz383(M＋＋H)(57%),154(loo 鞄).
H R野AB M S:CaiedぬrC26H27N20:383.2125;Fo und:383.2118.
1H-N M R(∈f)C13)8:l A3(3 H,a,J=7.0 馳 Me),2 A3(1H, m , 4-CHa), 2.80(2H, m ,
4- C ub and3-C Ha), 3.50(
T
IH, m , 3-C Hb),3.84(3H, s, O C H3),
3.95(lH,q,J=7.0 Hz, C放MePh),4,7 2(lH, s, トC H),
6.82-7.55(14 H, m , ar o m atic H).
Dat執 Of 紬 mpO ti nd 16 5b
ERE(S)- 銑-Ph昏nyletl顎ylヨ- ト( 恥p- m etho xylphe nyトl,2,3,4-tetl-ahydr o-9 H-pyrido【3,4ーb】
indoieヨ
Coユo r地鳥spris m s.
広1P14ト14芝
oC(MeO H).
Eα始24 -之8.5o(c =1.0, CFIC13).
1R K Br(e m
-1)ニ3400,300,1600, 1500,700, 650.
M ASS,LR F A B M S: rn/a,3 83(M＋＋H) (70%, 154(loo鞄),
EL E M ENT A L A N A L Y S王S:Calcdfo rC26H26N20:C: =8 I.64 %, H =6.85 %, N =7.32 %.
Fo u nd: C=8l.58% , H =6.75% , N = 7.33% .
1H- N M R(C DC13)8:1A 3(3 H, a,J=6.7Hz, M e), 2.77(2 H, m , 4- C H2), 3,00(2 H, m ,
3- CH2), 3.77(3 H, s, OCH3),3.93(1 H,q,J=6･7 Hz,
C盟MeP h). 4.87(1H, s, トC H),6.82- 7.54(14 H, m , ar o m atic H).
13c-NM R(C DC13)8:14.07(q, Me),20.09(t, C-4),41.40(t, C-3),55.27(q, O Me),
56.14(d,£HMeP h), 60.03(a, C-1), 109.43, 110.73, 113.90,
118.17, l19.27, 12l.37, 126.64, 127.3 0, 127.51, 128.14,
129.95, 133.8 9, 134.93, 13 6.ll, 145.31, 159.19.
Crystal data:C26H26N20, M w =382･5 0, m o n o clinic, spac egroupP21, a= 9･423(),
b=6.781(4), c =16.205(3)A,β=96.3 6(2)o , Cell volu m e:10 26.9(6)Å3, z=2,
Dc alcd= 1.237gc m
-3
, F(000)=408･00, Latic e co n sta nts a nd inten sitydata
O
w e re m e a s u r ed sing gr aphite- m o n o chr o m ated CuKα(九=1.54178 A)
radiatio n on Rigaku A rc
-5S diffra cto m eter･ A totalof1686u niqu e
8 3
r eile ctio n s(Rュnt = 0･076)w e re obtain ed u singtt)/20s c a n ning m ぬ od with
a20s a m speedof 3 2･O
o min
-Itoo<28<120o･ The str u ctu re w a s solv恩納y
dire ct m ethodu sl ngSHE LXS86andr efin edto afin al av alu e of台.O75
a nd Rw = 0.07 6.
C9
C8
C 7 C 6
clO C
C3
C 2.
C l
C 20
C2.5
C 24
N 2
⑳好守
Nl
C21
C l:～
C12
C ほ
C5
∈
句¢
C26
C2 2
C23
0 1
F[g3･ X -r ay Str ucture of 1 6 5 b
8 4
犠小
CIA
C 川
(;15
Cl()
CI7
With p 哨豊能F曲 e n 叢汲Id 軸yde 16之c in the pr e s e n c eof T 野A(0.5 m ol 鞘)in
rcflu光量ng be n諾e n eWi毛b 扮e a 払-Sぬ rk(Expt･丑<7S)ET故ble 9, r u n3】
㌢
ヒヽ
円
160
””
7
Me
162e
伊02N C6H4C H O
T FA(0.5rn oJ
P hト‡
P h refiu x
eq)
㌢
b､
164c
N
”
芳′
bヽ
7
Ph
〇′
N ､ J M e＋ lも
N O2
165c
虹
Nサム7Me”
由ph
N O2
To a s olutio n of(lS)-〟-棉-3-indolyl)ethyトα -phe nylethyla min e160(0.2 64g,1-0
m m ol)indryben T.e n e W e re addedp- nitrobe n 笈aldehyde162c(0.166g,1.ま m m ol)a nd
T F A(0†04ml,0.5 eq)I T he l
'
e a etio n mixtu r e w a s r eflu x ed with De a n-Sta rk ap.pa r alu s
c olltaining m olec tllar siev e4Å(3蛋)to r em ov e w aterthat w asfor m edfol･ 24 ho u rs. T he
r 組 etion mまⅩtu r e w a s c o oledto r o o mte mpe r atu r e a ndqu e n ched with 15 %NaOH, the
o rgarlielaye r w as s epar ated. An aqu e o u slayer w as e xtr a cted with m ethyle n e chlo ride a nd
the c o mbin ed orga niclaye r w e r edried o v e rNa2S O4･ Re m o v al ofs olv e ntga v ethe
r e sidu e(0.4 7g), which w as chr o m atogr aphedo n silic agel(B W-200, n -he x a n e/ AcO Et
= 4:1)to affo rdthediaste re ois o m e r mixture(0 3 4g, 86 %). T hediaste r e o m e r r atio w a s
dete rmin ed bylH - N M Randthe ratio of 164cto1 65c w a sfoundtobe68:3 2･
D ata of c o mpo u nd 164c a nd c o mpoll nd 165c
[2[(S)- α -Phe rlylethyl]- ト(S)-p- nitr ophe nyトl,2,3,4-tetr ahydro-9 H-pyrido【3,4-b]indole]
a nd[2[(S)- α -phe nylethylトl-(R)-p- nitr ophe nyト1,2,3,4-tetrahydr o- 9 H-pyrido[3,4- b]
indole】
Yelo w a m o rpho u s.
1R(K Br)c m
-l:34 00, 2950,14 60, 700,650
M A SS
,
L R F A B M Sm/z3 98(M＋＋H) (35%), 264(55 %), 105(70 %).
H R F A BMS.I Calcd forC25H23N302:397.17 91;Fo u nd:397.1779
1H- N M R(C D C13)8:I.48(3 H, d, J=6.7 Hz, C H3),2.50- 3.5 0(4 H, m , 3- C H2 a nd 4-
8 5
CH2), 3･84(0･48托 q,J=6･7 H7J , C放MeP娘 ヨ･呂9毛0･5 芝Ⅰ′q , q,
J=6.5 Hz, C珪MePh), 4.94(0.68 H, s, トCfま),4.97(0.3 芝喜)Jま, sサ ト
C H),7.09-8.23(14H, m , arom atic H)
(T he s eparatio n ofthese tw odia ste r e oiso m e rw a s u n s u c c e s sftl by eithe r e o王u m n
chr o m atographyorc rystalliz atio n.)
With cyclohexylc a rbaldehyde 162 d in the pr e s e n c e of T F A(0･S m ol eq) 紬
r enu xing ben z e n e with De a n･Sta rk (FJXPt･1 74)[Table 9, r u ‡14ヨ
ク′
≧ヽ
N
H
1 60
””
7
”e
P h
○ -
1
c
62
H
d
o
T F A(0.5 m o16
P hH
r ef]u x
q)
㌢
さヽ
H
1糾d
7
P h
N ､ _ Me＋
㌢
ゝ
”
1 脱
M母
To a
l
solutio n of(1S)”(β-3-Indolyl)ethyトα -phenylethyla min e160(0.264g守l.0
m m ol)in dry be n z e ne(80ml)w er e added cyclohe xylc arbaldehyde162d(0･1 2蛋,1.1
m m ol)and TF A(0･04ml, 0･5 eq)･ The mixtu r e w a s r enux ed with De a n-Stark ap par atu s
containing m ole cularsiev e4Å(3g)to r em o v e w aterthat w asfo n n cd fo r48 ho u rs. T he
r e a ctio n mixtu re w a s c o oledto ro o mtemper atu re a nd qu e n ched with15 % NaO H, the
organiclayerw as s eparated･ An aqueo u slayer wa s e xtr a cted with m ethyle n e chlo ride a nd
the c o mbin ed organiclaye r w e r edried o v erNa2S O4･ Re moval ofs olv e ntgave the
re sidu e(0･45g), which w a s chr o m atogr aphedo n silicagel(B W-200, n-he x ane/AcOEt
= 4:1)to affo rdthedia stere ois o m er mixtu r e(0.25g, 70 %). Thediaste r e. m e r r ati. w s a
dete rmin edby H P L Candthe r atio of 164 da nd 165 dw a sfoundtobe66:34.
Data of c o mpou nd 164 da nd co mpo u nd 165d
【2[(S)- α -phenylethyl]-1イS)- cyclohexyトl,2,3,4-tetr ahydro-9 H廿 rido[3,4-b]indole]
a nd [2[(S)- α -phenylethyl]- 1-(R)- cyclohe xyト1,2･3,4-tetr ahydr o- 9 =-p yrido【3,4-b]
indole】
Yello w a m o叩ho us･
IR(K Br)cm
-I:3400
,
300 0
,
160 0, 1500, 70,650.
8 6
M A S乳LR F ABM S血 芸398(M＋＋H)【3之%】.
主税藍I MS:Caled 触 e之5吏
,･ま30N之:359.2489;Fo u nd:359.2464.
1圭ま-N MR(だf)C13)呂:0･6謡- ま･63(15H, m , =s ofcyclohex a ne ring, トCH, a nd C H3),
2･34-3･53(4托 恥 3-CH2a nd 4-C H2),3.63(1H,q,J=6.5 Hz,
C蕊MeP h),7.10-7.71(10 H, m , a r o m atic H).
(The dia ste r紺is o m er ratio wa sdetermin ed by H PLC. T he s epar atio n ofthe s etw o
d皇aster紺is o m恩r W as u n su c ce ssfulbyeither c olu m n chr o m atogr aphyor crystalli芸atio n.)
W 呈粗 放C 哲毛魚Idehyde 呈62e 呈n the pr esen c e of T F A(0.S m ol eq)in r eflu xing
bc n 芸C i'1 億(混Ⅹpt･王番1)【晋払ble 争, r u nS]
㌢
a
H
H ”
7
”¢
1 62母
CHヨCHO
TFA(0.5 m o暮
Ph H
㌢′
b､
N
H
慨
Ph r eflu x
164e
母＋
㍗
さヽ
N
H
165e
主 A
CH3 Ph
”
7
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To a solutio n of(lS)-N -(β-3-Ⅰndolyl)ethyl- α -phe nyle,thylamin e160(0.264g,i.0
m m ol)indrybe rl Zene(80 ml)w er e added a c etaldehyde162e(0.22g, 5.0 m m ol)and
T FA(0.04 ml,0.5 eq). T he mixtu re w as r enu x ed for24 ho u rs. T he re a ctio n mixtu r e w a s
c o oledto r o o mte mpe r atu r e a nd qu e n ched with 15% NaO H, the o rga niclayer w a s
s epar ated. An aqu e o u slaye r w a se xtr a cted with m ethyle n e chlo ride a ndthe combin ed
organiclayer w e r edried o v e rNa2S O4･ Re m o v alofs olventga v ethe re sidu e(0･4 01g)
which w aschr o m atogr aphedo n silicagel(B W-200, n -bex a ne/ AcO Et = 1:I)to aford
164e(0.162蛋, 59%)a nd165e(0･114g, 41 %), respe ctiv ely･
Data of c o mpo u nd 164e
[2[(S)- α -phe nylethyl】-1-(S)- m ethyト1,2,3,4-tetr ahydr o-9H - pyrido【3,4-b]indole]
Yello w a m o叩ho u s.
[α】D25 -72.20
o
(c=1.0, CH2C12).
IR(K Br)cm
-1: 34 00,3 100, 2900,1600,149 0, 70 0,65 0
M A S S
, LR F ABM Smノz291(M＋＋H)(61 %), 154(loo 鞄).
H REIM S:Calcd forC20H22N2:290.1784;Found:290.1788.
8 7
1H - NM R(C D C13)8:1･27(3H., d, J
-6･8 =z
, C=3),1･34(3F‡, dJ 濫6.7 批 e 柑 書
2
.
46(1H, m , 4- C Ha),2.7 8(Ill, m , 4- C Hb),3.07(1托 恥 3-
C Ha), 3･2 2(1H, m , 3-C Hb),3.80(2 H, m ,C放MePha nd トC印 ,
7.00-7.42(10 H, m , aro m atic ”).
Data of c o mpo u nd 1 65e
【2[(S)-cx-phenylethyl]- ト(R)- m ethyト1,2,3,4-tetr ahydr o-9H -pyridoE3,4-b】indole
'
】
Yello w a mo叩ho u s･
[α]D25 -16･90o(c= l.0, C H2C12).
IR(KBr)c m
-1:34 00
,
3 100
,
2900, 1600,1490, 700,65 0.
M A S S
,
L R F A BM Sm/z291(M＋＋H)(480/o),105(100 %)
H R EI M S: Calcd fo rC20H22N2:290.1784. Fo u nd:290.1790.
1= - N M R(C D C13)8:1･3 6(6H,d, J= 6･8 Hz, 2xC H3),2 A 7(1 H, m , 4- C”A),2.74(
2 H, m ･ 4- C Hb a nd 3- C Ha),3･05(1 H, m , 3- C Hb),3.86(lH,q,
J= 6･4 Hz
,
C旦MeP h),3･95(1H, q, J=6.7 Hz, トC H),7.00-7.51
(10 H, m , a r o m atic 冗).
W ith is obutaldehyde 1 62f in the pr e s en c e of T FA (0･5 m ol eq) 圭n
r eflu xing ben z en e (Expト24 2) [Table 9, r u n6]
ク･′
さ､
N
H
1 60
””
7
”e
P h
162f
Me2C H C H2C H O
T F A(0.5
P h H･
r eflux
m o]eq)
ク′
さ､
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To a s olutio nof(1S)-N -(β- 3-Indolyl)ethyl- α -phenylethylamin e160(0･264 g,1.0
m m ol)in dry be n ze n e(8 0ml) were added is obutylaldehyde 162f(0･24g, 2･2 m mol)
a nd T F A(0･04 ml, 0･5 eq)･ T he mixture w as renu xed fo r24 ho urs. The , Ca cti. nmixtur e
wa s c o oledto r o o mte mpe r atu r e a ndqu e n ched with 15 %NaO =, the o rga niclaye r w a s
separ ated･ An aqueo u slaye rw a s e xtr acted with m ethylen e chlo ride a ndthe c o mbin ed
orga niclayer we redried over Na2S O4･ Re m o v al ofs olventga v ethe re sidue(0･4 02g)
8 8
whまeh w a s ehf OI泌 Ogr aPhedo n silicagel(B W一之00, n･he呆a n e/AeO Et = 4:1)to affo rd
1 糾ぎ弥13楓 舶 %)and;ま65ぎ(0･06g,18%), re sp昏etively.
D執t執 Of e 母 mpOn nd l糾f
E孟E(S)- 秩 -Ph母nyl監軸 朴l-(S)-is obutyi-1,2甘3,4-t8tr ahydr o-9H -pyrido【3,4-b】indole】
Yeuo w a 投弓IO rPbo u s･
t蹴】D22 -10臥5o(c器l.0, C H C13).
況 (K恥 , e m
-i
:3400,29弧 1460,700.
M A SSサL RF A B M Sまn/芸333(M＋＋H)(33 %),之45(100%).
HRFAB M S:Caled fo rC之3H29N2:333-2 232;Fo und:3332336.
1H-N M R∈C D C13)8:0.37(3H,a,J=6.6 Hz, C H3),0.邑2(3H,a,J-- 6.9 馳 C H3),
1.08(1‡･王, 恥 CHa-iPl
･), Ⅰ.4 之.(1托 d, J=6.6 Hz, CH3), I.76(1H,
m , C払M倍2),1,76(1 H, m ,CHb-iPr),2.51(1H, m , 4-C”A), 2.93
(1H, m ,4- C Hb),3.29(1H, m ,3- C Ha),3.50(1H, 恥 3-C Hb),
3.60(1H, m , トC H),3.78(1 H,q, J=6,60 Hz, C盟MeP h), 7.10-
7.52(lo u, m , ar o m atic H)
Data of c o mpound 165f
【Z【(S)- α-Phenylethyl]-1-(R)-is obutyl-lぅ2,3,4-tetrahydr o-9H -pyrido【3,4-b]indole]
Yello w oil.
【α〕D22-39.3o(c=1.0, CHC13).
1R(neat), crn
-1:34 00
,
295 0
,
1460, 70.
M A S S
,
LR F A B M Sm/21333(M＋＋H)(33 %),245(100%)I
H R F AB M S:Calcd fわr C23H29N2:333.2232;Fo u nd:333.2343.
1H- NM R(C D C13)8:0.49(3H, d, J= 6.6 Hz, C H3),0･82(3 H,d, J=6･6 Hz, C H3),
1 3 1( H, m , C Ha-iPr), 1･45(1 H, q, J= 6･3 Hz, C H3), 1･90(1 H,
m , C辻Me2),2.05(1 H, m ,CHb-iPr),2･52(l H, m , 4- C Ha), 2.94
(l H, m , 4- C Hb),3.30(1 H, m , 3-CHa), 3･5 0(l H, m , 3-CHb),
3.49(1 H, m , トC H),3.7 2(l H,q,J=6･45 Hz,C辻MePh), 7･10-
7.52(10 H, m , aro m atic H)I
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Re m o v al of chir al a u xilia ry
Synthesis of l･(S)･ m ethyl･1,2,3,4-tetrahydr o-β- c a TboⅠin e 17呈
ク′
さ､
N
H
”
y
”e
16 4e M e P h
H2, P d(OH)2
AcO Et
rt,2 4 h,6 3%
ク′
b､
N
”
171 Me
N ‖
1 64c(0･263蛋, 0･8 96m m ol), obtain ed fr o m160a nd a eetal血hyde ま∴f㍑e書 W a S
dis s olv ed in AcOEt(15ml)a ndthe n addedpalladiu mhydr o xide ori C a rbo n(0.loog=o
afford catalytichydr ogenatio nfo r24 ho urs･ The c atalyst w a sfilte r edfr om the mixtu re,
andthe s olv ent w as r e m o ved u nde r redu c edpr e s s u r e･ The r e sidu e w a s chr or n atogr aphed
on silicagel(B W-20 0, AcO Et/ MeO H= 1:1)togiv e1- m ethyl-tetrahydr Q-β- e a rbolin e
1 71(0･101g,63 %), which w a side ntifiedby c o mparis o n oflH- NM Rwiththat o,f
a uthe utic s a mple.
D ata of c o mpo u nd 171
[1-(S)- Methyl-1,2,3,4-tetr ahydr o-β- c arbolin e]
yellow s olid.
[α】D24 -5 1･7
o
(c= 1･0, EtO 恥 1it[α]D25-52
o
(c =2.0, EtO H)56).
I R(KBr)cm
- 1:34 00
,
2950
,
145 0
,
7 40.
1= - N M R(C DC13)8:1･4 9(3 H,d, J=6･6Hz, C H3), 2125(1 H, brs, Nbm), 2.79(2 H,
m , C H2-3),3･10(1H, m , C H訂4), 3.40(1 H, m , CHb-4),4.25
(1 H,q, J= 6･3 Hz, C H-1), 7･10(1H, t, J= 7.0 Hz, 7.8 Hz,
a r o m atic- H), 7･16(1 H, t, J=6･1 Hz, 7･8 Hz, a r o m atic胡),7 3 2
(lfI,d,J=810 Hz,aro m atic- H), 7.48(1 H,d, J=7.5 Hz, ar o m atic-
H), 7･83(1 H,br, Na- H).
9 0
S紬 肋 s o 迫 執Cid 柑も執丑ys ed 叩 H n 紺is如呈on of Pictet･Spe ngle rpr odtl Ct
◆
(濫xp患-之舶 弧 d 之S1)
㍗
なヽ
H
P h 戸h
T FA(0ぷm oleq)
N
y
弼母
叫 ■Ph苫16卓也
- ･ - 州 P h芸;165執
Ph H
reずIu x
㍗
a..
H
母
＋
ク′
さ､
H l■
声h
1 65a
”
y
”e
Ph
To Ⅰnin o r ste re ois() m e ri65a(0.15富,0.426 m m ol),de riv edfr o ぽ1the reaction of160
a ndi()之恥 W e f e addedben 21e n e(80ml)a nd T F A(0.5 eq), andthenther e actio n mixtu re
w a s r 昏鮎 Ⅹ母d . Af紐r6 ho u rs r e a ctiorltim 駿
,
30mlofthe re a ction mixture w a sto ok a nd
qu e n cⅠ
′
1 ed with15 %NaO H書 a nd a n orga niclayer w a s s epa r ated, dried o v e rNa2S O4･
Afte r 昏VaPO r atio n of s olvent gave the residu e, which w as pu rified by c olu m n
cbr o mato藍raPby(SiO2,AcOEt/n-he x a n e=l:4)togiv ethe mixtu re ofdiaster eo m er s. The
dia ster 紺is o rn er r atio of ま64a a nd 165執 W aSdete rmin ed byl払 NMR a ndfo u ndtobe
82:18. T he s a m e w o rk- up pr o c edul
'
e W a s als o c alTied o ut o nthe r eminde r ed r e a ctio n
rrli叉tu r e
,
afte r24ho u r s r e a ctio ntim e, a ndthe nthediaste r e ois o m e r r atio of 164a a nd
165a w a sdete r min edbylH - N M Ra ndfou ndtobe82:18･
To a s olution of m ajo ris o m er164a(0.122g, 0･3 181m m ol)in drybe n z e n e(80ml)
w a s added T F A(0.02 mi,0.159 m m ol)a ndstirredfor6ho ur satr enuxtemper atu r e･ T he
c r udepr odu ct obtain ed after w o rk
- up w aspu rified by c olu m n chr o m atogr aphy(SiO2,
AcOEt/ n-he x= 1:4)to affo rd in qu a ntativ eyieldof dia ste r e o m e r mixtu r e･ T he
dia ste reo m er r atio ofthis mixtu r e w a sdeter min ed bylH - N M Rand foundtobe82:18･
(s e eTable9).
㌢
さヽ ー
N
▼
H
16 5a
T F A(1 0m ol¢q)
[h
”
Th
”e
c H C13
ク′
さヽ
N
H
1 64a
クー
ー
e
＋k八N9yふy
M e
●
H
ph ph
1 65a
The study o n a cidc atalysed epim eriz atio n ofthe min ol
･
P-is o m e r1 65a w as also
c a rried outin C D C13by
l= - = M Re xperim e nt･ N = Rm e a s u rュ-1e ntS W e retaken atr o o m
9 1
te mpe r atu r e witho ut T F A, a nd the nj･n the pl
･
C S e n C e OrT甲A (柑 r習O王 e郎 at r 鮒 Ⅰn
te mpe r atu r efor1 0min ute s a nd 30 min ute s, at5 0
oC fo r10min ute s
,
3 0min ute.q, 60
min ute s a nd90min ute s
,
r e spe ctiv ely.(s e eFig2a nd Table10).
Acylatio n m ediated a sym m etric Pictet-Spen帥 r r e a ctio n oftrypta min e
:〕
:〕
N
J 止H2
H 19
⊥ ｢ †
/ヽ
H
”
/
(y
”
〔誕o2‖
息sn?.cl2e,,琵rg2h?2
Ts ク
′
b､
N
”
1 85a ph 1 87dP h
Re a ctio n of trypta叩in e 19 withN ･to syトL･prolyl chlo ride l$6d in
r ef)uxing be n z e n e(Expt- 311) [Table 12, r u n4〕
To as olutio n oftrypta min e19(0･160g, 1･O m m ol)in 40 mlof drybe n T.e n e W a s
added ben z aldehyde 16 2a (0･17g, 1･5 m m ol) a ndthe nthe r e a ctio n mixtu re w a s
renu x ed with Dean -Stark w ater separato rfo r2ho urs･ Re m o v alofs olv e ntga ve or a nge
solid 1 85a which w a sw a shed withn-hex ane and us ed witho utpu rific atio n. A mix utr e
of N- Ts-Lrprolin e 1 68(0･26 9g, 1･O m m ol)and S O C12(0･73mI, 10m m ol)in dry
m ethylen echlo ride(10ml)w a s stirred atr o o mte mperatu r eforovemight togive chlo ride
1 8 6d･ A fter l･ em O V al ofthe s olve nt a nd volatile m aterial, the re sidu e which w a s u s ed
witho utpurific atio n w asdi
′
ss olved in drybe n z e n e(10ml)andthe n added a s olutio nof
schiff ba s e185a(0･248g, 1･O m mol)obtain ed abo v e,in drybe nz e n e(50 ml). T he
reactio n mixture w as stirred at reflux te mpe r atu refo r2 ho u rs, a ndthe n c o oledto r o o m
te mperature･ T he mixtur ew asque nched withs atu ratedNa= C O3,the o rga niclaye r w as
sepa r ated･ An aqu eouslayer was e xtr a cted with m ethyle ne chlori de, a ndthe co mbined
o rga niclayer we redried ove rNa2SO4･ The residu e obtain ed a 触 r e m o vlngthe s olv ent
w a spurified by colu m n cll rO m atOgr aphy(Si O2, AcOEt/n -he x= 4:1)to afford the
9 2
(i 盈S紐r 思OⅠ昔l監r mi荒ttlr e且87d(031g,62%), a ndthendia s絶r e o m e r r atio w a sdete rmin ed
byl蒼ま-N M RaⅠ-d ぬu ndto be55 弧The abs olute C o nfigu r atio n ofthe s edia ster e o m ers
w 舶 n Otd倍t監rrrlin.思d手
沢 紬 C 鮎 n i)ftrypta m呈n 聴急襲 w農地 N 一生o syl-L･ pr olyl chlo ride 186d in be n 諾e n e
執t r O O mも俊m pe r atu r e(混Ⅹ郎･3ま3) 汀abie 12, r u nS】
To a s oまuti()n oftryptamin告ま9(0.160g,I.O m m ol)in 40 mlof drybe n z e n e W as
added be n zJaldehyd捻護義之免(0.7g, 1.5 m m ol)a ndthe nthe r 母乳Ctio nmixtu r e w a s renu x ed
wiぬ D昏a n-Stai･k w a臆r s epa r ato rfo r之hotlrS, Re m o valofs olventga ve o ra nge s olid
iSS払 Wl音量ぬ w a s w ash母d witha-be x a n e a nd u s edwiぬo utpu rific atio n. A mix utre of N-
Ts- ふp!
･
o王in 昏豊鵬 (0舶5題,i.5 m m ol)a ndS O C12(0･7 3ml, 10 m m ol)indry m ethyle n e
ehlo ri∈le(10ml)w 払S Stirr e cl atr oo m te mper atu reifo r o v emight togiv echloride 186d･
Afte r reⅠn 8 Vl ngthe s oまv e nt a nd v olatile mate rialthe re sidu e which w a s u s ed witho ut
pu ri鮎盈鮎 n w a sdiss olved呈n drybe n z e n e(10ml)a ndthe n added a s olutio n of Schiff
ba s e1蕃5汲(0.248g† 1.0 m m ol)obtain ed abo v e,in drybe n zen e(10ml)･ The r e action
mixtu r e w a s stirr edatr o o mtempe r atu refo r3 ho u rs･ T he mixtu r e w asqu e n ched with
s atu r ated NaH C O3,the o rga niclayer wass epar ated, a n aqu e o u slaye r w as e xtracted with
m ethyle n e Chlori de, a nd 加 c ombin ed orga niclaye r w e rd riedo verNa2S O4･ T he c rude
obtain ed after re m o vingthe s olvent w a spu rified by c olu m n chr o m atogr aphy(SiO2,
AcO Et/n-he x=4:i)to affo rdthediaste r e o m e rmixtu r e187d(0･201g,40 %), andthe n
dia ste r e o m e r r atio was dete r min ed byl= - N M Ra nd foundtobe 62:38･ T he abs olute
c o nfigu r atio n ofthe s edia ster e o m er s w a s n otdetermined･
D atat of co mpo u nd 187 d
Yello w a m orpho u s
IR(K Br), cm
-1:34 00
,
2950
,
1740, 14 50,1375, 1340, 1140
1H -NM R(CD C13),8:1.85- I.86(2H, m , C H20fpr oline), 2･07-2･09(2 H, m ,
C H2C H C O), 2.3 0(1.9 H, s, C H3), 2･42(1･5 H, s, CH3),
2.93 - 2.94(2 H, m , C H2N);3.45… 3.55(4 H, m , C H2, C-3 a nd
C H2, C-4),4.13(1 H, m , C H*C O), 4･92(l H, s, C H*P h),
93
6.85- 7.90(1 4 H, m , a r o m atic- ”)
Fo r m atio n ofP･La cta m fr o mtry pta min e19
Re a ctio n of Schiff bas e185a a nd N･to sylL･pr olyl ch王o ride 謹告6d
(Expt･3 04) [TabⅠe 13, r u n2]
m 9lNH2 馳 o2HH
与
PhC H O
1 62a
P h H
,
ref[ux
,
2 h
チ一
′
さ､.
1
N
■
H
85a ,
F:
S O C[2, C‖2C[2
rt
,
o v er州ght
”
ら .
H
n
E
,
t
孟h
”
p 2C,2
190
51 %
T杏N
P h
To a s olutio n oftry pta mine19(0･160 g, 1･O m m ol)in40mlof drybe n 諾e n e W a s
addedben z aldehyde162a(0.17g, I.5 m m ol)a ndthe nthe r e a ctio nmixtu陀 W aS r enu X ed
with Dean -Stark w ater separ ato rfor2 hours･ Rer n o v alofs olv e ntga v eorange s olid 18S執
which w a s w a shed with n-he x a ne a nd u s ed witho ut otherspurific atio n. To a s olutio n of
N -tosyl-L-proline140(0･269g,1･0 0m ol)indrym ethyle n e chloride(10ml)w as added
th ionyl chloride(0･73 ml, 1 0m m ol), a ndthe re a ctio n mixtu r e w asstirr ed at r oom
te m peratu refor o v ernight･ T he crude a cidchloride w as us ed witho utpu rific atio n afte r
rem o vingthe s olve nta nd volatile m aterial･ T he a cidchlo ride obtain edw a sdis s olved in
dry m ethyle n e chlo ride(10 ml)a ndtrietbyla血 ne(0.3 13ml, 3.0 m m ol)w as added at
Oo C, stirred fo r10min ute s･ A s olutio n of i min e185a(0.1 86g, 0.75m m ol)obtain ed
above,indry m ethyle ne chlori de(10 mi)w a s addedtothe rea ctio nmixtu re a ndstirred at
r o o mte mpel
･
atu refo r4hou rs･ The crude obtained afte rus u al w o rk- up w a spurified by
c
_
olu m n chro m atogr aphy(Si O2, AcO Et/n-he x a n e=4:1)to affo rdβ-1a cta m190(0.19g,
51 %)asam orpho u s.
94
D執t魚 粉f 藍O mP紬 nd l伊O
Am o将ho us
況 将 帥 e m
-i;34眼 之9弛 ま750,1340J140
1l-8王- NMR(∈B ∈軌 8:I.7 8(3 H, m ,之CH2a nd lC H20fpr olin e),I.9 1(1H, m , CH20f
pr olin e), 2.37(3 H, s, C H3), 2.74- 2.78(1H, m , C-3),
2.94- 2.96(1托 m , C-3), 3,09- 3.ll(2 H, m ,C-4),3.53(lH,
m , C壬松pr olin e),4.i1(1H, m , C H之-Pr Olin e),7.08-8.09(15H,
恥 ar O m atiかH).
Syn地色s呈e of 3叫p‡1 e nO 濫y祢 ph組 yト(”-β-indolyl)ethyl･ a 岩etidin - 2- o n e
(監Ⅹpt-3 芝之)£管執bまe ま3, 柑 n 3】
㌢
■
≧ヽ
H19
Ea9BB
空162a
㍗
とゝ
P hHきreflu x 臼
執 1 85aさh
P hOC H2COC]
Et N
C H2C12
rt/2h,7 3 %(y
N
5′
さ､
N
”
1 89a
N
il
Ph
0
ー
､
o p h
r
Fo 盈 S O王utiorl Oftrypta min e1 9(0,160g, 1･O m m ol)in4 0mlofdryben zene added
be n 組Idehyde16之執(0.17題, 1.5 m mol)a ndthe nthe r e a ctio nmixtu re w as renu x ed with
De an-Sta rk w ater s epar ato rfo r2 ho u rs･ Re m oval ofs olventgav eor a nge s olidwhich
w a s w ashedwithn-he x a n e a ndused witho utpu rific atio n. TheSchiffbase185a(0.24 8,
1.0 m m ol)thu s obtain edw a sdriedu n血r argo n a nd diss olv ed in10mlof dry m ethyle n e
chlo ride. Et3N(0.4 17 mi,3.0 m m ol)w a s addedtothe r e a ctio nmixtu r e atO
oC a ndstirred
fo r10min ute s. A s ohltio n ofphe n o xya c etylchloride(0･207ml, 1･5 m m ol)in10mlof
dry m ethyle n e chlo ride w a s added intothe abo v e rea ctio n mixtu r e atO
oC a ndstir red at
r o om te mper atu r efo r2 hou rs･ A fterqu e n chingthe r e a ctio n mixtur e with aqu e o u s
NaH CO3,the orga niclayer wel
･
e S epar ated a ndthe n w a shed with brine･ Evaporatingthe
s olv e nt afte rdrying o v e rNa2S O4 ga v ere sidue which w a spu rified by c olu m n
chr o m atogr aphy (Si O2, C H2C12/ MeO H=2 0
'
･l) to affo rd co mpo und 1 89a ･
Crystalliz atio n of 189afr o mM eO Hga v e c ol rles sc rystal(0･281g,73 %)I
9 5
Data of c o rnpo u nd 189a
[3-Phe no xy4 phenyト(N-β-indolyl)ethyトaz etidin-2- o n e〕
Colo rle ss crystal
mp165
o
… 166oC(MeO H)
IR(K Br)c汀rl:3290+7 25,14 90,14 50
Ma s sL R F Al∋:383(M＋＋H)(35%),154(loo 鞄)
E LEME M T A L A N A L Y SIS:Calcd forC25H22N202, C=78.51 %, H諾5.8()乳 N芯7.3 芝%
Fo u nd C=78.22 %
,
fま芯5. 鮒 乳 N忘7.45%
1H - N M R(CD C13)8:2･94- 3･0 8(2H, m , CH2),3･26-3･33(1H, 恥 e を軌 3.90- 3.97
(1 H, m , CH2), 4･69(1H, d,J=4.4 H芝, C H Ph),5.2 8(
l
lH争 乱
J=4･4 Hz, CHO P h), 6･64-8.04(16H, m , a r o m atic ”)書
Synthe sis of 3- phe n oxy-4-p - m etho xy phe nyト(N ･β･indolyl)ethyト執冨eti朗n -
2･ o n e(Expt･3 2 4)[Table 1 3, r u n4]
1 62b
フ′
さヽ
N
H 19
N H2 An MgS O4
CH2C12
rt
,
o ve r nigh t
ク′
≧ヽ
”
‖
1 85b
(y
” c H2CI2
rt/4h
,
+ 畿 と､. N
75 % H ‡ユ
C6H40M母(P)
c6H40 Me(p) 189b o
y
t ､
op h
To a s olution oftry pta min e19(0･3204g, 2･O m m ol)in 1 0mlofdry m ethyle n e
chlo ride added p- m etho xybe n z aldehyde 162b(0･4 08 g, 3･O m m ol)a nd anhydr o u s
MgS O4(10g), a ndthen the r e actio n mixture w a s stirred at r o o mte mper atu r efo r
ovemight･ Filte ratio n ofin s oluble m aterialandr em o v alofs olv entga v eSchiff bas el$5b
inqu a ntativ ely as s olide which w as w ashed withn-hex a n e a ndus ed witho utpurirlC atio n･
T he Schiff ba se thu s obtain ed w a sdried u nder argo n and dis s olv ed in 10ml of dry
m etbylene chloride･ Et3N(1･2 5ml, 9･O m m ol)w a s addedtothe rea ctio n mixtureatOoC
a ndstirr edfo r1 0min ute s･ A solutio n ofphen o xya cetylchlo ride(0･51ml, 3.0 m m ol)in
10mlofdry m ethylene chloride w as added intothe aboye r e actio n mixtur eatO
oC a ndthe
mixtu r e w a s stirr ed at r o o mte mpe r atu r efo r4 hours･ A fter qu en chingthe r e a ctio n
mixtu re with aqu e ous Na･H C O3the o rganiclayer w er e wa shed withbrin e･ Evaporating
9 6
the s oLv捻nt 払鮎rdrying 糾 e rNa2S O4農a V 母reSidue which w a spurifiedby c olu m n
ぬ rfLM n 込tO展r aphy 料 0芸事 C土,t壬之CI之/MeO1 琵20･:I)to afford co mpo u nd ま89b as white
po wde r(0.6286叢書75 %).
D抜毛漁 Of eo mp州 nd ま脚b
E3-玉)he rlO Xy-4ザ -rn etho 又yPhe nyト(N#indolyl)ethyトa zetidin-2- on e】
whitepo wde r
i
,
nP之･10
昏
-急l之ee(M思O H)
脱 (腿 r)elm
-i:33娘 i740, ま510,1490.
M as sL RF ÅB:45ま(M＋＋H)(7 %),i9之(100%)
lを壬-N M R(eDCまヨ)8:之,97- 3-03(2 H, m ,CH2), 3.27- 3.3 1(1 H, r n, C H2), 3.75(3H, s,
O C五山Ⅰ3),3.呂5- 3.91(1 H, m , C H2),4,66(l H,d, J=4.4 H芝,
ヽ
C王浅Ph),5.之6(l H, d, J=4.4 H芸, CH O Ph), 6.68- 8.02(15 H, m ,
ar o m atic H).
Synth 戚浮 Of 3-pheno xy･4～p･ nitr ophe nyト(N ･β･indolyl)et hyトa ヱetidin ･ 2-
o n e(Expt-3之5)ETable 13, r u n5】
㍗
さヽ
H
19
162c
C HOC6HヰN O2(P)
N H2
An MgS O4
5′
さヽ
N
CH2C暮2 H
rt
,
o ve r night 1 85c
PhO C H2C O Cl
Et3N
2
ク′
さ､
N
7 5 % H
1 89c o粒
c
.
6
p
”
h
4”O2` p'
To a s olutio n oftryptamine1 9(0･3204g, 2･0.m m ol)in 10ml of dry m ethyle ne
chlori de addedp- nitr obe n z aldehyde162c(0･4533g,3･O m m ol)and anhydro u sMgS O4
(10g), a ndthe nthe r e a ctio n mixtu r e w a s stirr ed atr o o mte mpe r aturefo r ove rnight･
Filte r atio n of in s oluble m ate rialand r e m o v al of s olv e ntga v eSchiff ba se 185cin
qu a ntativ elyas s olide which w as washed withn
-he x a n e a nd u s ed witho utpu rific atio n･
The Schiffba s ethus obtain ed w asdried u rlder argo n a nd dis s olv ed in 10mlof dry
m ethyle n e chlo ride. Et3N(1･25 mi,9･O m m ol)w as addedtothe re a ctio nmixtu re atO
o C
a ndstirre cl fo rlO minute s. A s olutio n ofphe n o xya c etylchloride(0･51mi,3･O m mol)in
lO 血of dry m ethyle n e chlo ride wasこ1dded intothe abov ere actio nmixtu r e atO
o C, stilTed
97
for1.5ho u rs. A fte rqu e n chingthe re a ctio n mixtu r e withaqu e o u sNaH C O3the 8 rga nic
laye r w er e w a shedwith brine. Ev apo r atingthe s olv e ntafte rdryingo v e rN
■
昭S O4ga v e
r e sidu e which w a spu rifiedbyc olu m n chr o m atogr aphy(SiO2,C H2C12/MeO H=2 0:I)to
affordc ompo und 189cthatc rystalliz ed
'fr o mM eO Ha syelo w n e edle s(0･6405A,75 %).
Data of Co mpou nd 1 89c
【3-P he no xy4p -nitr ophenyト(N -β-indolyl)ethyトaz etidin-2- o n el
Yello w n e edle
mp119
o
…120oC(MeO H)
IR(K Br)c m
-1:3 400,17 60,15 20,1500
Ma s sL R F A B:428(M＋＋H)(100%), 154(98 %)
E L E M E N T A L A N A L YSIS:Calcd fo rC25H21N304:C=;70,25%, H=4.95%, N =9.邑3 %
Fo u nd C=69,98%, H ニ4.75 %, N= 9.77 %
1H - N M R(C D C13)8:3.02- 3.05(2 H, m , C H2),3.33- 3.39(1托 m , C H2), 3.91- 3 朋
(l H, m , C H2),4･67(1H, d, J=4.6 Hz, CHPh),5.32(lⅠ1, d,
J= 4･4 Hz
,
CHO P h), 6･62- 8･11(15H, m , ar o m atic H).
Synthesis of 31phe n o xy-4･is obutyト(N Iβ-indolyl)ethyトa 2;etidin ･2･ o n e
(Expt 32 7) [Table 13, ru n 6]
;布
19
N H2An
㍑ c H O
. 叫 _I
ク′
C H2CI2
rt, o ve r night
N
H
1 85d
P h O C H2C O C]
Et N
ら
CH2C12
rt/3 h,70 %
ク′
さヽ
N
H
1 89do O P h
To a s olutio n oftrypta mine1 9(0･3 204g, 2･O m m ol)in 10mlof dry m ethyle n e
chloride added iso v aleraldehyde 16 2f(0･3 217ml, 3･O m m ol)a nd a nhydr o u sMgS O4
(10g), andthe nthe re a ctio n mixtu r e w a sstirr ed at r o o mtempe r atu r efo rov ernight.
Filte ratio n of ins oluble m aterial a nd rem o v al of s olv e ntgave s chiff bas e185d in
qu antativelya s s olide which w a s w ashed with n-he x ane and u s ed witho utpu rific atio n.
The Schiff bas ethu s obtain ed w a sdried unde r a rgo n and diss olv ed in 10mlof dry
9 8
王‡l 監thyle n ehlo rid培. Et3N(i.芝51軌 9.0 m m ol)w as addedtothe r e a ctio nmixtu re atOoC
a nd stirェIedf()r柑 miflu絶凱 As olutio n ofphenoxyacetyichlo ride(0.5lml, 3.0 m m ol)in
10 miofdry王11 ethyle n e elilc)ride w as added intothe abo v e r e a ctio nmixtu r e atO
oC a nd
sかr ed at fO e^()m te mPe r atu 陀fe r3 ho u rs. Afte rqu e n chingthe r e actio n mixtu r e with
aqu 紺 uS Nai
=壬C O3,th昏 O rga niclaye r w er e w ashed with brin e･ Ev apo r atingthe s olv e nt
af隠rdrying O v e rNa2S O4ga v e re sidue which w a spu rifiedbyc olu m n chro m atogr aphy
(S主0急,CrⅠ芝C;i芝/MeO H芯20:i)to affo rdc o mpound189dthatc rystalliz edfr o mM eO Has
eoio rle s spぬ
'
ll呂(0.5 17g,7 0 %).
D魚紬 of e8 mpO u nd l 脚d
【3-P he n o xyヰis obutyト(N#indolyl)ethyトa7uetidin-2- o n e]
●
Colo rle s spris m s
mp173
¢
-174oe(MeO H)
ⅠR(KBr)e m
-i:3300, 2950,i7娘 1495.
M a s sL RFÅB:363(M＋＋H)(10%), 154(80 %)
E LEME NT AL A NAL Y SiS:Calcd forC23H2 6N202,C=76.21 %, H=7.23 %, N = 7.73 %
Fotl nd C=7 6.17 %, H =7.17 %, N = 7.73 %
1H- N MR(CDC13)8:0.94(3H, d, J=6.6Hz, C H3), i.05(3H,d, J=6.4Hz, C H3),
l.58- 1.67(2 H, m , C H2), I.75- i.81(1H, m , CHMe2),
2.78- 2.89(1H, m , C H2),2.90- 2.95(l H, m , C H2),3.49 - 3.56
(1 H, m , C H2),4.18- 4.22(1H, m , C H2),4.8 1(l H, d, J= l.2 Hz,
c H OP h),5.81(l H,dd, J=3.6 Hz a nd 3.7 Hz, C H-iBu),
6.95- 7.79(ll H, m , ar o m atic H)･
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Synthe sis of 3･phe n o xy･ 如 e rt･buもyuN ･β-畳mdo桝)e紬yトa z e毛idin ･之･ o n e
(Expt:329) [Table 1 3,r u n7]
ク′
L ､ヽ
N
H
19
iHj;
g
.ew
二S5;iCH2C】2rt, ove r night
P h OCH2C O Cl
避
C‖2Cf2
rt/3 h
,
80 %
㍗
さヽ
臼
189¢ OPh
To a s olution oftry pta min e19(0.3 204蛋, 2.0 m m ol)in 10mlofdry m ethyle n e
chloride ad dedpiv alaldehyde162g(0･3 2mi,3･O m m ol)anda nhydr o u sMgS O4(18A),
a ndthen the re a ctio nmixtu re w a s stirred atr o o mte mpe r atu re
'
for o v e r night. Filte mtio n of
in s oluble m aterialand re m ovalofsolv entga v eschiffbaseユ8Scinqu a ntativ elya s s olid
which w a s w a shed with n-he x ane a nd u s ed witho utpu rific ation. TheScbifFsba s etbu.s
obtain ed w a sdried unde rargo n a nd dis s olv ed in10mlof dry m ethyle n echlo ride. Et3N
(1.25ml, 9.0 m m ol)w a s addedtothe re attio n mixtu r e atO
oC a ndstirr edfo r10min ute s.
A s olution ofphe no xyac etylchlo ride(0･51ml, 3･O m mol)in 1 0mlof dry m etbylen e
chloride w a s added into the abo v e r e a ctio n mixtu r e atOoC
,
stirr edfo r3hour. Afte r
quen chingthe r e actio n mixtu r ewith aque o u sNaH C O3the o rga niclaye r w e r e w a shed
with brine･ Evapo r atlngthe s olv e nt afterdrying o verN a2SO4ga ve re sidu e which w a s
purifiedbycolu m n chr o m atogr aphy(SiO2, C H2C12r MeOH =20:1)to afford c o mpo u nd
189ethatcrystallized fr o mM eO Ha s c ol rles s n e edle s(0.579g,80%).
D ata of Co mpo u nd 189e
[3-P heno xy-4-te rt-buty1-(N -P-indolyl)ethyトaz etidin-2-o n e]
Colorle s sneedle
mp155
o
- 156oC(MeO H)
IR(K Br)c m
- 1:33 00
,
2950, 1750,150 0,
M a s L RFA B:363(M＋＋H) (loo 鞄),143(45 %)
ELE MENTAL ANA L Y SIS:Calcd fo rC23H26N202, C = 76･2I %, H= 7.23 %, N = 7.73 %
Fo u nd C= 76.07 %
, H =7.19% , N = 7.76 %
1 0 0
1吏ま- N M RもeI13e13)8:l･11( 弧s, CMe3),3･04-3･20(2H, m , C H2), 3.39- 3.46(1H,
m ,C王i2),3.56( 帆d, J=5.I Hz, CH -tBu),4.03- 4.l l(1 H, m ,
Cを壬2),5.03(l礼 d,J=5.1H芸, CH O Ph), 6.97- 8.06(11 H, m ,
al
･
8r n £ltic”).
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P A R T IⅠ
S Y N T H E 晋iC S
r
r U抄Ⅰ温S O NT‡茸E O PTⅠCÅL L Y A C TIV E T 濫T R ÅC Y C L ES F O R
M A N 芸A M IN E A
i. 王ntTOdu ctio ll
r
f
､
rle l'‡はl'1T,払l'nin e s a re l t n e wgr o up Ofcomplexβ-c a rbolin e' alkaloids thit display
antitu 王<n O r a rid ar-tiba ete rial a ctivitie sl)･ In 198 6, High a nd hisgr o upfirst r epo l
･
ted
m an岩amin eAia sthe m ajo r eytOtO Xic c o n stitu e nt ofa m arin e spo nge ofHaliclo n a sp･ ,
which w aLq C Ollected at Ma n z a m o
,
O kin a w a n2a)I subs equentstudy ofthispa rtic ula r
m a r呈n 倍菖pO ng昏1edthe mtotheis olatio n a ndchar a cte riz atio nofm an z amin eB 2, C 3, a nd
D 4卿 and afte rw ards m a n z a min eE 5a nd F 62c)w e r efo u nd fr o m a nother spo nge of
Xe sto spt) mgia sp(Seh昏m eI).
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m an之a mine A1
mp>2 4 0
o C(doc.)(MeOH)
【cx]D ＋50
o(CH CI3)
ICsQ0.07p9Im)(P3 88)
IC5 06.3p9/mJ(S.a u r eus)
H N
り
*
H
i
N
H
ヾ
.づ
16
17
.
､O H
門
N
㌢
:㌔
”
Sゃhe me 1
N
‖
:o
i
A
m a n z a mine a 2
mp.19 8-2 03
oC(AcO Et)
【cx]D ＋8 9
o(CHC13)
IC506トtg/ml(P 38 8)
Sche m e2
N
m a n ヱamin eH 7
m p1 45
oC
【a]D
27
＋ 1 7o(c =1.1, C H C13)
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N
フ′
ヽ
N
H
べ
/J
凸
m an ヱamine C 3
mp･ 77- 82
oC(CHCr3- CH)C N)
)C5 03トLg/mI(P 3 88)
ク′
N
り
!■
ヽ
ヽミ
N
H
.
O H
”
､､ミ
Ji
m a n z a min eJ 8
mp14 0
oC
[a]D
25
＋47o(c=2.0, C H C13)
onthe otherha nd
,
m a n z amin eA 1a nd F6w e reis olated fr o m a n othe rm a rin esp() nge
o
･
f Pellin a sp
3a)
, while m a n z amin eA1, B 2, D4, E5, H 7a ndI 8w e reide ntified a s
the c o n stitu e nts ofa n other m arin e spo nge oflrcin a sp
3b)(sche m e2■)I
Sche m e 3
ク′
N ヽ
ヽ･ミ
N
H
..
0 H
む
8･hydr o xy
-
m a n z a min eA 9
､
､ミ
A
O H
N
ン′
ヽ
i
N
H
.
O H
敬
､､く
A
O H
m an z a min eX1 0
m p > 2 5 0
o(n･ Hex･ a c etone)
[cL]D
1 9
＋6 6.1o(c=l,93,CHCL3)
～
N
シ′
～
､
ヽミ
H
0 ”
､
ヽ芯
A
0‖
m anヱa mineY ll
[a]D
1 9
＋33,2o(c=2.SO, CH CI3)
Furthe r mo r e,the m a nza min e-type alkaloids, 8-hydr o xy
- m a n z amin eA94a)has als o
be enis olated fr om m arine spo nge of Pa chypellin a sp･ Re c e ntly a n e w m a n z a mhe
-type
alkaloids, m anz amine X 10, w a sis olated a s cytoto xic c o n stitu entfro m a nOkin a w a n
m arin e spo nge of Xe stospo ngl a SP a nd a n other ne w m anz amin e-type alkaloids,
m a n z amine y llw as als ois olatedfr o mO kina w a n m arin e sponge of Haliclo n･a sp
4b)
(Sche m e3).
Sche m e4
り
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]r cin al A 1 2
m p70
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o
(C H C]3)
IC501.4ト1g/m](L121 0)
4.8けg/m[(K B)
～
り
C H O r ､モ
i
.. .
0 H
”
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mp. 9 5
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(C H C13)
I C5 01.9ト19/ml(L1 21 0)
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Mo r e o v e r,tw o n o v elalkaloids,ircinal A 12a nd ircin al 港13ha v ebe e nis olated fl
･
O m
the Okin a w a n m a rin e spo ngelr cinia sp･ bythe gro up of Kobaya shi3 b)･ Re ce ntly,
Ka ulu a 血in e, a n u n sym m etriG alⅠm a n z amin edin e r, w a sis olatedfrom a nIndo n e sia n
spo nge Prianos sp, Ka ulu a min e sho w ed m ode r ateim m u n o s uppre s siv e a ctivity(M L R
IC50I.57 m盛/mL, LcV IC50>25.0 mh/mL, LcV/ M L R>16)in the mix edlympho m a
I
･
e aetio n a nd w a sin a ctiv ein cytoto xicitya nda ntivir ala ss ays
4c)(sche m e4).
Onth昏 Whole
,
m a n z a min e-type alkaloidsha v ebe e nis olated fr o m six m arin e spo nge
spec u esbeionglngtOdiffere ntge n e r a. Am o ngthe s e m a n 芸a min efami ly, m a n z a min eA1,
*
c oITIPlex rli加ge nhete rocycleき C O ntain l ng5- , 6- , 8･ , a nd13- m e mbe red rings as w ella s
●
theβ-c a rbolin e m oiety,is a challe ngingsyntheticta rgetar o u ndthe w orld･
Sche m e5
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The hypothetic albiogenesis of m a n z amines w as propo s ed by Baldwin
5)～ T he
simple ststnlCtu r e,thatof m a n zamin eC3, r edu c e sin a str aightfor w ard w aytothethree
c o mpo nents, tryptopha n, a C3 u nite (ac r olein) a nd a CIOu nite (a sym m etric al
dialdehyde). Redu ctive c ouplingofthe s ewi tha m m o nialeadsto m an z amine C 3(Sche m e
5).
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T hefollowingbiogen esis c o uld be con sider ed for m an za mine B 2(Sche me 6)･ T he
redu ctiv e c oupling oftw oC3u nits(ac r olein)a ndtwワCIOu nits(sym m etricdialdehyde)
withtw o a m m o nia sgl V e Sthe sym m etric al specie s1 4, which is ata uto m e r of bis
-
dihydropyridin e15･ T heintra m ole cula rDiels
- Alder r ea ctio n of 1 5gives1 6, a ndthe
redo xe x changebetw een the tw opIPeridin erings Of 16giv e stheiminiu m s alt1 7, which
lO5
isde riv ed細 C26aldehyde温8 bythehydr olysI SOftheiminiu m m oiety. The re a ctio n of
C26 aldehyde l与with tryptopha n a nd the nfollo w ed bythe oxyge n atio n affo rd
m a n T,a min e迅2.
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A 汁 脚 ぶ-elimin ative ope ni ng Ofthe epo xide of m a n z amin eB 2giv e salc ohol 19･ An
allylic o 又i ぬtio n of adoublebo nd ofthe re s ultLq alcohol 19,fouo w ed by r
lng Clo sur e
affo rds m a n z a min eA 1(Sche m e7).
B執,Ckgr o u nds synthetic ap pr oa che sto m a n z a min eA by othe rgr o ups
seve ralstudie sdir e ctedtow ardthefr agm e nts and sub-u nits of m a n z a mine A ha v e
be e n r epo rtedbysynthetic o rga nic chemists･
s. ya m a m u ra, TetTahedron Left., 44,821 7
･8200(1 9 94)
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The c o n stru ctio n orakeybicyclic rl ng S ub
- u nit of m a n z a min eA w a s repo rted by
ya m a m u ra6). ln thatstudy, Mits u n obu r ea ctio n･ giving a n a minede rivative20･ a nd a n
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●intr a m ole c ula r n u cie ophilic substitutio n r e a ctio nto affo lて=he b呈cyciic n ng syste m21
ha v ebe en e mployed(Sche m e8)I
J. Le o n ard, J. C he m. So c. , PerkJ
'
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Le o n a rd7)ha s reportedata nde m s ulfole n eS O2e xtru sio nintr a m ole c ularI)iels- Alde r
cycliz ation of 22･ ga v ethetricyclic rlng Syste m23 ha v i ngthe epl m eric carbo n ata-9 of
m a n zla min eA(Schem e9).
L. E. Ov erm a n, Tetrahedron Lett” 3 5, 427 9-4282(19 94) Sche m e1 0
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In 1994, Ov erm a n8)r epo rted a n e w appr o a ch fb∫ a sym m etric constr u ctio n o‖he
pyr r olo[2,3-i]-is oquin olin e c o reof m anza min eA, starting withthe e n a ntiopu r e e n o ne
2 4, which is c o n v eni ntly av ailable fr o mD -(-)-quinic a cid. In that approa ch, a n
intr a m olecular M an nich r eaction of co mpo u nd 25topro vid de c ahydrois oqu l nOline 2 6
w as u s ed asthe c e ntralstep(Sche m e10).
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winkle r a ndc o w o rker s- repo rt
9)in v olve the ste r e o s ele ctive constru ctio n ofthe
‡紙 pd eyelie C o r e ofth昏 m a n 2:a min e alkaloids･ Anintr am ole c ularphoto cyclo additio n of
vl nylogo u s a mide27 led, after retr o
- M an nichfr agm e ntatio n a nd Man nichclo s u r e,tothe
fo r m atio n of hydr o xykcto n e, whicho n oxidatio nga v ediketo n epr odu ct28(Sche m e11)I
P.J. Ha rt, 7Te細hedron L8恥 3 3, 62 47･6 25 0(1 99 2)
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ln 1992, Campbella nd Ha rt
10) ha ve de m o n str aed a synthesis oftetr acyclic
s ubstm ctu re of m a n z a min eA, startl ng丘
･
o mbe nz oic a cid･ Inthatreport,theyde scribed a
n e wappro a chto s ubstituted perhydr ois oqu ln Olin e29andthefo r m atio n ofallylic a min e
de riv ativ e30 witho v e r allr ete ntio n ofc o nfiguratio n, unde rtypI Cal M itsun obu c o nditons･
M o r e o v e r, a nintra m ole c ula rN - alkylatio n of 3 1w as e mployedto gi v etetra CyClic
c o mpo u nd with highyield(Sche m e12)I
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A synthe sis ofthe e n a ntio m e ric ally pu retetr a cyclic s ub
- u nit ofm a n 芝a min eA hasbe e n
r epo rtedby Martin a nd cow o rkers
l 1)
I Anintr a m ole c ularD iets- Alde r r e a ctio n ofthe
vl nylogo u simide32ga v ethe optically a ctiv etricyclic c o mpotmd33･ Byempleyl nga
n o v elolefin m etathe sis r ea ction of 33 deliv eredthe optic allya ctiv etetr a cyciic c o mpo u nd
34 in go odyield(Sche m e13).
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An e xc elle nte n antio sele ctive routethatin v olv es a nitr a m ole c ularDiels-Alde r re actio n
ofc ompou nd 3 5to co nstru ctthe opticallyactiv etricyclic ri ngS ubu nit 3 6ofm anz amine
A w asdes cri bed byPandit eta1
12)(sche m e14).
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王n 199確甘 t如y ha v e als o a chie v edthe synthe sis ofa n advan c ed m an z a min eA
interrrl edまatein e o TP8 r血gthe13- m 母rnber edringu si ngthe olefin m etathe sis cycliz ation
r e a ctio nofc o mpo u､nd 37 i
.
ol
q the C ru cialm a cr o cylicringfo rm atio n step(Sche m e15)I
pr e vio u s r e s 駁l患s of synthetic ap pr oa che s to w a rds
∧
m a n 2:amin e sby o u r
gro up
In o u rlabo ratory,synthetic effo rtsto w ardsto m a n z amin esinitiated in1988･ Thefrist
synth髄 e S Ofm a n 岩a mineaandrelatedc olnPO u nds
13)w er e r epo rted in1989･
Schem e1 6
in1)Pd-CaC Oさ
! 瞭 慧En
o
o
”
Hi:志訟
TsN H2
n･ Bu4NI
NaOH
P hH･ H20
R
O R
”
沸 遠荒海
恥S青桐母ゑ
t8u
臼
礼
鮎
A
ha始ne
～1 00%
#
i∩-Bu4N
T
F
H F
l
n 40
THE,rt
･c =
o
o
”
H
俊
= 0
TsN H2
叫 荘聖 牡 T$O
Na OH
PhH･ H20
A,61%
与旨…告,I,HAe
} ′＼/ ＼
i;Sy?ildine
44
41
O H
ノ
O Ts
ド
's
A
1
74 %
ー
Ts
砺 凸
Na
,
n aphtha]ene
D M E
,
-1 0 0 %↓
H
:”
Tp
46
Np
Ts
ー
O Ts
臥
49
瓢 凸
A
Thepri m arytask istheprepar atio n ofthe requisite a z a cylo u n
dec e n e ring syste m,
which co n stitute sthelow erpo rtio nof m anz a min eC anditsge o metricalis om er(Schem e
16). To c o n stru ct this s ub- u nit, silylo xya c etylene 38 w as alkylated with 1
-皇odo-4-te rt-
butyldim ethylsilylo xybuta n eto affordtheinter m ediate39(95%)･ T he cisdio1 40(71 %)
w a s obtain ed by hydr oge n atio n of 39in the pre s enc e of Lindl
ar c atalyst, afte r
110
de silylatio n, alo ng witha s m alla m o u nt ofthetr a m sis o m e r舶(2%)and1910
-de c a n ediol
(o.7 %). On the othe rha nd, this tra m sdio141(89%) w aspr epa r ed efFectiv eiy by
de silylatio n of39a nds ubs equentredu ctio n o
ff 42byLiAlf寸4indiglyrrle, togethe r with
a s m alla mou nt ofthe cisis o rn e r40(2%). T he str u ctu r e s o
}f40a nd 41 w ere de亡'lu ce(I
fr o mthe r e a ctio n c o nditions e mployed a nd u n equl V O C ally dete r min ed fr o 汀Ithe
spectr o s c opic data･ Especially IRspe ctr u m of 41sho w edthe cba r a c紐ristic str o ng
abs o rptio n at965c m
-Idu etothetra m sdisubstitutedolefin･ whichis c o mpletelyabs e ntin
the cf∫is o mer40.
Fo rthe c r u cial a z a cyclo u nde c e n e ring c o n stru ctio n, e a ch diol(40a nd 舶) w a s
c o n v e rt dtothe c o rr e spo ndingto sylate s43a nd44･ On he ating with TsN tま芝 沖 凱4N l
a nd NaO H in ben ze n e- H20 for4 hto sylate 4 3w a str a n sfo r m ed tc) N -to syト6(Z)-
a za cyclo u ndec e ne 4 5(74 %)with.thefor m atio n of atr a c e of dim e ricpr odu ct4 6(ま%)I
Fo rthe structu r alconfir m atio n45w as c o n v e rtedtothekn o w n s atu r ated a 芸a CyCle47by
u s ual hydr oge n atio n. Similarly, N
-to syト6(E)- azacycloundecen e48 w as obtain edin a
slightlylow e ryield(161%)u nderthe s a m e r e a ctio n c o ndit o n s alo ng withthe u nde sir able
dim eric compo u nd 49(22 %).Re m o v al ofthe N -to sylgr o up of 45a nd 48w a s c a rried
o utbytreating withs odiu m n aphthale nideindim etho xyetha n eto affo rd fr e e a min e50
a nd 51 in qua ntitativ ely yield, respe ctiv ely･
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Next, fo rthepreparatio n ofthe otherhalfof m an za min eC and itsgeo metric al is oI℃er
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theβ欄 伽Iin 思 ぬiv ativ e 鳥(5之捜,53a and 53b)w er e s ele cted a stheta rgets(Scherne
17).
We与first, e x a min edthePicteトSpe ngle r re a ctio n oftryptamin e54a ndaldehyde55in
thepre c e n e e oftra e 昏T FA atr o o mte mpe r atu r e, givingthede sir edβ-c arbolin e56in60%
yield,butit w asfo u ndthat the n e xta r o m atiz atio n r e a ctio n of 56to affo rdthe m a n z amin e
a w a sdifYic ult to e o ndu鑑 Typicalar om atiz atio n c o ndit on s(D DQ,5% P d- C)ga v e o nly
atr a c e ofpr odu cta nd捻V 弧 u nde fthebe stc o nditionsfo u nd(10% P d-C, p-cym e n e), the
血sir edβ-e a rb8iin eS之a was obtain edinlow yieldr a ngingfr o m10-20% afte r u s u al
舶siまylaぬn事 Thu s,Bis ehlar- Napie r alskire a ctio n ofthe readilya v ailable aminde57bw as
e x a min ed
,
a ndatr o o mte mpe r atu r einPOC13itga v ethe c o rr e spo ndinge n amin o e ste r58
in 61%yまeld･T he ar o m atitz atio n r eactio n w a s c arriedbybl
･ief he atingof5Swithe x c e s s
1 0 % PかCinp-cym e n etogl V e53in67 %yield･ LiAIH4r edu ctio n of53a o r5 3baffo rd
the alc ohol S2臥
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To re a chthefin altarget m a n za min eC, w e e xamin edthe re actio n ofm e sylate52c wi
th
6(Z)- a z a cyclo u ndece n e45 in a c etr o nitrilefo r s e v e r al ho u r s, but rna n z a min eC w a s
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obtain ed o nlyinlO %as ayello w a m o rphous･ Thus, the re a ctio n ofthe e ste TS3ba ndthe
amin e50 w as ex a minedbyhe atingintolu e n efo r7 days,gl V lngthe a mide59 ir16呂%
事
yield. Ho w e v e r, e m arkable impr o v e m e ntfo rthis c o nde n s atio n w a sfound whe n
pota s siu m s alt 53c w a str e ated with the a mine S O in D M Fe mpl()yl ng
8
diphe nylpho spho ryla zide(D P P A)as a conde n singage nttogethe r with Et3N,givin題the
ami de 59 in 8 7 %yield. Reductio n of amide59 with LiA汀拘 affo rded m a n y,a min e∈
(4 60/a)a s ayello w c r a m el which on r e c rystalliz ation fr o mC H3CN -C を‡Ci3 fin ally
fu r nished c olo u rle sspris m Of mp90.0-92.O
oC. The r e a ctio n ofamin eSIwithe stersac
u nder the s a m e r e actio n c o nditio n sga v e ami de60, which o n r edu ctio n with LiA旧4
affo rdedthetr a m s m an z mineC(Sche m e18).
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optic aIIya ctive
die n ophi(e
T berea鮎 r elaboration ofsynthetic appro achesto manz anin eA and an alogsha v ebee n
co ntinued14)･ The constr u ctio 汀 Ofthe c entralpa rt ofthefu sed a z acycle s, pylTOlo【2.3-i]
is oquln Olin em oiety,byDiels- Alde r re a ctio nofvariousdihydr op yridino n es withthe
Danishefsky dien eha v ebe e n e x a min ed･ M ore over, the a chie v e me nt of co n str u cting
tetr a cyclic c or e c o ntai l ng8- m e mbered la cta m rl ng Of m a n z a mine A s ub- unithave als o
bee npr e s e nted(Schem e19, path A).
113
P N
B
B
N
;
P
e
n?ヰN ｡2･.”㌢
T糾S
馴 位
Schem e 2 0
1)xyie n 愈, rellux
2)K F,TH F,H20
54 %
㌢
T”S
6昏(P苫P N 8) 駿
1)heat
BN PN
2)H＋
0
63
P N
O Me
J4
㌧N二
M¢
0 Y
41
､ co2Me
66
C O2Me
Ⅰrlitialatte mpts atDiels
- Alderr ea ctio n withthedihydr opyridin o n eha vingN
-prote cting
gr() ups ucha sbe n
v
{･yl o rie rt-buto xye arbo nylgr o ups,failedtogl V ethe e xpe cted Diels
-
Alde r addu ets u nde r 昏ithe rthe r m al orlewis acidc o nditio n s. Ho w e v e r, the Nrp-
nitob紺 芸Oyl(PNB)deriv ativ e61r e a cted withthedie n e62tofumishthedesir edaddu ct
63 in 54 %yield･ Ho w e v e r, the Diels
- Alde r r e a ctio n of 3- alkyトsubstituted
dihydropyridin on e s s u ch as64 a nd65to affo rdthehydr ois oqu m olinederiv ativ e66did
n ots u c c 餌d(Sche m e20).
N 鋭t the Diels- Alde r r e a ctio n s ofthedie n ophile s s u ch as67 and6S,pr epar ed fr o mN
-
to syト3
-(phe nylthio)-2-pipe rido n e69, withdie n e62 w er e e x amin ed･ Therea ctio n of N
-
to syl deriv ativ e67withe x c e s sdiene62 affo rded, afte r a cidtr e atme nt,thede sir ede n o n e
70, w hich ga v e u n e xpected cyclic c a rba mate 71, in ste ad ofthe de sir e
d
pyrr olois oqu ln Olin e･ on treatm e nt with T MSI in chlo r ofo r m･ Ho w e ver,
the D ials- Alde r
r e a ctio n ofNb-Do cde rivativ e68 affo rded the c o rr e spo nding e nbn e7 2, andthe n
tre atm e ntofc rude72with T F A in methyle n e chlo ride atr o o mte mper atu re,follo w ed by
que n ching withaqu e o u sK2C O3fur nishedthede sir edtricyclicpyr
rolois oqul n Olin e73a s
diaste reo meric mixtu r e. To o verc o m ethelow yieldofthe r eactio nprobably due to
therm allyu n stabledie n e6 2 highpre s su l
･
e Diels- Alde rre actio nhavebee n e x amined･ The
r e a ctio n of 68withe x c e s s62 intolu e ne atll kba rfo r90 ho ursgav ethe e n o n e7 2after
evapo ratl ng Ofthe reage nta ndthen tre atm e nt with C S A in T H
F･ Cr ude72w a sdir e ctly
tr e ated with T F Atofumish 73asdiaste reom e ric mixtu re(Sche me21)･
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fo rN -de m ethylation of 7 4by CIC O O(Cl)C H C H3 0r Othe r chlo r ofor m ate r e age nts w a s
c o mpletely u n s u c c e s sful, theto sylgro up of 7 4w a s e asilyr e m o v ed bytr e atm erlt With
s odiu m naphthalenide atlow te mper atu retogiv e75(Sche m e22).
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As the atte mptedtranfor matio n 丘
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o m 75totetr a cyclic coreof m anz a min eA did no t
su c c e ed, the n e wdie nophile 76contain ing aC O C F3PrOteCtlng gr o up W as Synthe s ed fo r
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まntr a m ole c ularMicha eladdito n of 78ga v ethe n e wtrlCyClic syste m79o ntre atm entwith
D A BCO･Subs equ e ntketaliz atio n of79ga v e e asilys epar ablediastereom eric mixtu r e80･
Tr e atm e ntof 80a withs odiu m a nthr a n c e nidein D M Eafforded 81andthe nthe r edu ctive
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tetr a cycle 86(Sche m e24).
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As apa rt ofo u r e orltin u 昏deffo rtfo r synthetic appr o a chto m a n z amin eA 1, o u r
atte ntio nha v ebe e nfo e u sed o nthe synthesis ofoptic allya ctiv etetr acyclefr o mthedie n e
a ndthe optl e allya etiv eidien ophile c o ntain l ng8- m embe red ringby pathB a s sho w nin
t
Sche m e19.
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25･
w e envisio n edthat c o mpo u nd87 c o uld be ac essiblefr o m88bytheintr a m ole c ula r
cyclizatio n, and 88c ould be pr epared by W ittig re a ction of aldehyd
e 89with W ittg
r e age nt90c ontainingC
-5 u nit･ T he aldehyde89c o uldbe a c c e ss edreadilyfr o m91that
w o uld be see n asthe pr odu ct of is o m erization ofe x o cylic doublebo nded c ompound
92. W e re a s o n edthatex ocyclic c o mpo und 92c ould be a chieved byaldolre action of 93
obtain ed fr o m2-piperidon e95, with N
-pr ote cteds e rin a1 94pr epar edfr o mLrs erin e96･
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3. Results and Dis cus sio n
The startl ng m ate rials, N - m etho xy m ethyト2-pipe rido n e97a nd Garn e rald監hyde
l
100,
fo r aldolr e a ctio n w er epr epar ed bythekn o w n m ethods･
H¢ n
･BuLi/TH F /-7 8oC 0.5 h
M O M Cl/rt
,
2 h
0 67 % 6
95 g7
N -protectio n of 2-piperidone95withchlo r o m etbylrn ethylOthe r(M OMCl)w a s
a ciev ed byu slng n - BuLias abas ein T H Faト78
oCto r o o m.teTTIPe ratui
･
efo r2 bo il.rStO
giv eN - m etho xy m ethyト2-pipe ridone97 in67% yields15)･ T he spe ctI
･
O S C Opicdata of
i)7
w er e c o n siste nt withtho s e r epo rted.
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8 9 %
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,
5h
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N HBo c
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h
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B F3.O E t2(C at)
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CO2M e
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Forthepr eparatio n of Gar n e r aldehyde100, a c c o rdingtothe r epo rted m ethod16･1 7),
w e started with L- s erin e9 6which w a s e ste rified witha c etylchc ori de(MeC O Cl,3 m ol
eq)at O
oC fo r30 min ute s a ndthe n r enu x edfo r2.5 ho u rsin metha n ol, a nd the n
r e s ulting e ster w a s c o n v e rted usingI m oleqof di-tert-butyl dica rbo n ate,(Do c)20,in
T H Fandtriethyla min e as aba s e atr o o mte mper atu r efor3 ho u r sintothe c arbam ate98
in 8 9 %o verallyield･ Sm o oth fol
･
m ation ofthe oxa z olidine () 9 in 84 %yieldw a s
a chiev ed by the us e of 2,2-dim ehto xypr opane (2,2- D M P)in a c etone at r o o m
te mpe r aturefo r3 ho urs with B F3･O Et2 aSthe c atalyst･ Redu ctio n ofe ster 9 9with
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diis obutylalul油 u mhydride(D iB A H)at -78
oC fo r5ho u rsga v eGar n e r aldehyde loo
in8呂%yield m
l
l e Spe etT O S C OPicdata of lo ow el
･
e C O n Siste ntwiththo s e reported
16
,
17)
･
Tre atm e nt of N- m eth弧y m ethyト2･piperido n e97with Lithiu mbis(tri血ethylsilyl)-
ar nide,LI…(SiMe3)之(i.5 m ol母q), aト60
oC foldIhou r affo rdsthe c orr e spo ndinge n olate
whichthe n u nde rgo esaldole o nd昏n S atio n with Gar n e r aldehyde 100(0･8 m ol eq)at
～6 OoC fo rIho u r a ndth昏n -4 0
oC fo r4 ho u rsto gl V ealdolpr odu ctl ot in 63 %yield,
l
b挽紙do nGa r ne r aldehyd臥
a0 M
w
N
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醐O M N
L 糾(S 棚e3)2/ TH E
-60母C,1 hand ･40
oC,4 h
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Dehydration
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I
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rt 2 handre判u xl h
､勺
0<
”.Bo o
1 01 10 2:10 3(E:Z)
(55 %a nd 36%)
T heir es ultingaldoladdu ct w a str e ated with m etha n e s ulfo nylchlo rid
e(MsCl)a nd
triethyla mine(Et3N)aト40
oCfo rI ho u ra ndO
oC i ho u rin m ethyle n e chlo ride, a nd
the nfollo w ed bytr e atm e nt with1,8
-dia z abicyclo[5,4,0]u nde c-7- ene(D B U)atr o o m
te mper atu refo r2hou r s a ndthe nrenu x edfor1ho u
rinbe n z e n etogl V e amixtu r e ofE
a nd Ze x o-O n elactam s,102 a nd 1 03,in 91 %yield･ Ca refulc olu m n chr o m atogr
aphic
sepa r atio n ofthis mixtu r e afforded102(【α】D
22
-8･5 0o(c= l･00, C H C13))in55 %yield
a nd LOB(【α〕D22-4 4･37
o(c= 0･08, C H C13))in3 6 %yield, respe ctively
18)
･
5 . . 寧2 5 %
4
CH『
､
勺
?_r;
MO M N 2
7.35%
8H= 5.84
NBo c
Sche m e26
..3(Z?isf へ ｡E
120
｢
へ
… O M ‥
0 %
C H2
Bo c
も､.
H -
8H= 6.82
0
X
0%
1 02(E･iso m e r)
T he str u ctu re s ofthe s etw ois o m e rs(E a nd Z- is o m e r) w e redistinguishe elby 柏 -
N M RandN O B(n u cle a rOv erha u s e r effct)diffe re ntial e xpe rim ent. Fo rthe e 8 mp() u nd
102
,
the chemic alshiftofthe exocyclic olefinicpr oto n w a sfo u ndat紬 6.82asat)r o ad
ba nd
,
whe r e asfo r103thatofe x o cyclic olefinicpr oto n w a s obs er vedatlo w e rrl e蝿 紬
5･84a s abroad ba nd･ W he nthe e 大o olefinic pr oto n of103 w asir r adiated the
pr o n o u n c ed enhan ce m e nt ofproto n o nC-4 of N- m etho xy m ethyl-2-piperido n e w a s
obs e r v ed(8･25 %)whileirr adiatio n ofpr oto n o nC-4 of N- m etho xyr n ethyト2-pipe rido n e
ga v e7･3 5% e nha n c e m ent ofthe e大o olefinic pr oto n･ The se re s ultsindic ated the s e
pr oto n s ar e o nthe s a m eside ofdouble bo nd. Ho w e v e r, the r e w e r en o e nha n e e m e rlt
betw e e nthe e x o olefinic pr oto n a nd the pr oto n o nC-4 of N- m etho xy rrl ethy1 8
pIPe ridone103, whe nthe s epr oto n s of103 w er eirr adiated, sho wl ngthe s epr oto n s a re
●
o nthe op po site side of do ublebo nd･ Ther efo r e w e cle arlydete rmin edthe str u ctu re of
c o mpo u nd 10 2and 103asE-is o m e r a nd Z-is o m e r, esp¢ctiv ely,(Sche}rn e26).
x7hR
Sehe m e27
(Ph3P)3Rh Cl
Et3SiH, To)ue n e
ref】u x, -90%
x7A,R
0 0
1 αl X= 0
,(C H2)∩ 105
Catalyticis o m eriz ation of c -1kylide ne cyclic c arbo nylc o mpo u nd s u ch a s104to
α ,β- uns aturated cyclic c arbo nylc o mpou nd 1 05 ha v ebee n r epo rtedbyT. W aka m ats u e t
a119)(sche m e27).
A ltho ugb c atalyticis o m e riz atio n ofthe ex ocyclic do uble bo ndto the endo cyclic
dopble bo nd w a sfir st e x a min ed withboth c o mpo u nds 102(E-is o m e r)a nd 103(Z-
is o m e r)･ a c c ordingthe repo rted m ethod19), it w a sfo u ndthat the yield ofthe e ndo
cy?lie do ublebo nded c o mpo u nd1(炉 w as o nly40 % inyield fr o mthe E-is o m er102 fo r
12 ho u r s, whe re a s n ois o m e rizatio n o c c u rred with co mpo u nd 103(Z-is o m e r)fo r24
ho u rs(Tablel･ r u n1 and2)･ T herefore, w e cha ngedsilane r e age ntfr o mtriethylsila n e,
Et3SiH, to tI
･ietho xy sila n e,(EtO)3SiHand inorga nic ba se w a s em ployed a san acid
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Si]a n e r e age nt
MO朗N
102(E-i紺 rrl 即)
103(Z-i紬 m 母r)
､q≧ (ph3P)3R hCl(0.O6m oleq)
M O WN
Tofu e n e
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Tab暮母1. R母S u!t$ 0書手蕃O m e ri之dtio n oず1 0 2a nd 103
Ru n substr抽 琵謁) (
B
B
a
X
S
c
e
e s s)
Te mprnme 認?%)
･紀 宝oE!6)ssj” ref･u x′. 2h 40a'
欄 LEtb)守SiH .eflux/24 h ”R( 3(0.6)
(Et O)3SiH
(O.之)
(Et O)3Si H
(0.之)
(Et O)3SiH
(0.2)
1駿
1蛇
103
K之C O3 reflu x/3 h 55
C$2CO3 ref]u x/3 h 68
cs2CO3 ;
e
v
ftu,xn[ght 1 0
a)Dr. To r音s a w a
'
s data
s c a n v age r･ M odifiedc atalyticis o m eriz atio n ofthe e x o cylicdo ublebo nded c o mpound
102(Eべs o m er)and103(Z-is o m e r)w as c o ndu cted u sing(P h3P)3Rh Cla nd(EtO)3SiH
in r efltl X lngtO ule n efor3 ho u rsin the pr e s e n c e of K2C O3 0 rCs2C O3 aS a n a cid
s c a n v age r.It w a sfo u ndthatforthe c o mpo u nd102(E-is o m e r),the u se of Cs2C O3 ga ve
withthe betteryieldofe ndo cyclic c o mpo u nd 106tha nthatof K2C O3(Table I, r u n3
a nd 4),butis o m eriz atio n ofc o mpou nd 1 03(Z-iso mer)to1 06w a s observed in v erylow
yield(10 %)in r eflu xingtolu e n efo r ov emight(TableI, r u n5), altho ughthe r e a s o nfo r
thisis n otcle a r atthe m o m e nt.
The str u ctu re ofe ndo cyclicdo ublebo nded c o mpo u nd obtain ed 106([α】D
22
-8･06o
(c =o.98, C H C13))was dete r min ed bylH - N M Ra nd che mic alshiftofolefinicproton
w asfo u ndtobe at8H 6.3 2a s abr o ad ba nd･
T he me cha nis m ofis om e riz atio n c a nbe desc ribed as sho w nin Sche m e28･ T he
hydr o m etallatio n ofthe W ilkin so n c o mple xgi v ethe rhodiu mhydride r eagentin situ
which hydro m etallateto affo rd l O7･ At thispoint,thede c o mpo sitio n of 107 ha stw o
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Pro自osed m e cha nis mfo r(Et O)3SiH･ R h(I)c州 o ride catalys eddo uble bond migr aぬ n
Schem e28
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w aysbythe eli min atio n ofHa o r日b. T he eli min atio n ofHa w o uld fa v o u rthefo r m ation
ofsta rting m aterial 102, whe r e astheβeli min atio n of107 w o uldr e s ultinthe lTligr ation
of do uble bo nd to gl Ve e ndo cyclic pr odu ct 1 06 a nd B that wi llrepe at the
hydr o m etallatio n of 102.
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Deketalis atio n
A m be rlyst1 5
rI, o ve r night
■ NBo c
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Deketalizatio n ofthe o x a z olidine m oiety ofc o mpo u nd106 u sl ng Ambe rlysト15in
m etha n ol atr o om temper atu r efo r o v e r nightaffo rded die n ophile alcohol 109( 桝D21
＋2 6･80o c=1･6 0
, MeO H))in 93 %yield2 1). T he o xidatio n ofthis ale .hot109with
Des s- M artin periodin a n epr epa r ed fr o m2-iodobe n z oic a cid,in m ethyle n echloride at
OoCforlO min ute sgav ethe r equired aldehyde110 fo rW ittigr e a ctio nin7 6 %yield22).
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T he Witti題r e aetio n ofaldehyde l10 withthe pho spho r a n eha ving cya nide gr o up
卵V eWitti題Pr Odu etlilin55 %yield(Sch倍m e29)～
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T he W ittigre a ctio nof l10 withW ittigre age nts sho w ninSche m e30ga v e u n s atis
-
fa cto ry r e s ults･ As W ittigpr odu ctlilw a s obtain edn ot o nlyin
55% yielda nd but the
fu ntio n algr o uptr a n sfo r m atio n ofthis cya n ogr o upto r e a chthe eight m e mber
ed ring
m ay m 餌twithdiffic ulty' w e ne ededtopreparethe n e wW ittigr
e age nts s u ch astho se
c o ntainingtrialkylsilo xy gr oup(Sche m e3 1)which m ayfa cilitatefu n ctio n algr o up
tr a n sfo r matio ntogetinthe requir ed eightm embe r ed ring･
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C H3C N, r eflux
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T hu s, the W ittig re age nt115 w a sprepar ed bythe r
epo rted m ethod
23)
I sta rting with
br o m ope ntylacetate112 in etha n ola nd
2N NaO Hatr o o mtemper atur efo r30min utes
ga v e5-br o m openta n
- I- o1 113 in 84 %yield, a nd then tr e atm e nt with triphe nyl
pho sphin e a nd K2C O3in r eflu x l ng a C etO n
itrilefo r3･5 ho urs affordedpho sphoniu m
alc ohol 114 in 75 %yield･ Wittig re agent1 15 c o uld be obt
ain ed bytre atm e nt the
124
pho spho niu m alcohol 1 14 withte r
-butyldim ethylsilyl triflu o r om etha n e s ulf加 ate
(T B DM S OTf)and 2,6-lutidine a sba s e aト10
oC fo r30 min ute sin m ethylerl e Chlo ridein
qu a ntitativeyield
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T he e x a minatio n of W ittgr e a ctio n ofaldehydellO withthis Wittigr e age nt115 in
tolue ne atOoC fo r3 0min ute sinthepresence ofKN(TM S)2 a Sbase affo rded W ittg
pr odu ctha v lrg Silo xylgr oup1 16 in 70 %yieldwhich w a shighertha ntho s e r e a ctio n
●
whe reothe rW ittigreage ntsdes c ribed inSche m e30w e re e mployed.
T hedesilylatio n of T B D M Sgr o upin 11 6-withtetr abutyla m m o niu mflu o ride m o n o
hydr ate(T B A F- H20)in T H Fatr o o mte mperatu r e3 ho u r sga v e alc ohol 117([a]D25
- 9･8 0o c = 1･00
,
M eO H))in 83 %yield25)･ T he alc ohol 1 7o n m e sylation with
m etha n e s ulfo nylchlo ride(MsCl)inthepr e s e n c e oftriethyla min ein m ethyle n e chlo ride
at -60o Cfo r3 0minutes afforded m e sylate118in93 %yield.
M O … ‥
0
HIll ●● _ N H Bo e
K OtBu/T = F /･60oC, o v e r night
rt
,5h /6 0
o C
,5 h
Or
b
u
M
v
; K OtBu, 1 8- cro w n-6
THF/Oo C to rt, o v e r night
M O M N
0
HM ･ ･1 N
′
Bo c
11 8 1 20
125
だyeli組tio n r e a e如 n o n l
l
n e syl払tedpr odu ctll Swithpotas siu m te r-buto xide, K OtBu
(21
9
11 0leq)asba s e witho ut18-c r o w n-6 inVH F(10ml)aト60
oCfo r o v e r night , atr o o m
te mpe r atu refo r5 ho u rs a ndthen at60
oC fo r5 ho u rsga v ethe co mpo u nd whichsho w ed
NF王pe akat3408cⅠ打1iⅠ-infr a redspe ctr u m anddidnotha v epe akfo rpr oto n of C H=
e ndo cyclic do ublebo nd of N-Irlethoxy m ethyト2-piperido n ein
lH- N M Rspe ctr u m,
indie atl ngthat n ode sir edprodu ct
■
120w a sfo r m ed, T he r e actio n of 18 with K OtBu
(l15 皿 8leq)a nd 18- Cr o w n-6 etbe r(1.5 m ol eq)in T H F(13 ml) at O
o
C to r o o m
絶r nper atu refo r OV erni紳 didn otgiv ethede sir edcycliz edpr odu ctIlo.
MO桐N
0
N ‖Bo c
O M与
lodin ation
Nat /a ceto ne
MOM N
rIIover night ?H
7 0%
I ‖I = ･
･ N H Bo c
118 119
The r 昏fore, m esylatedpr odu cted 且1Sw a str a n sfo r m ed intotheiodide119 bythe u s e
of Nala nd a c eto n e at r o o mte mpe r atu r efor o v emight to givein 70 %yield(【α]D25
-2 2.57o(c=0.7, C H C13)).
Cyclis atio n oftheiodide119to affo rdco mpo u nd 120w as c arried o utu nde r v ario u s
c o ndito n s
,
a ndthe r e s ults ar e o utlinedin Table 2. Cycliz atio n ofthe iodide 119with
potas siu mta r-buto xide, K O
tBu(3 m oleq)in T H F(10 mi)at -78
o C(4 ho u rs), aト60
o C
(6 ho u rs)a ndthe n atr o o mte mpe r atu r efo r o v e r nightga v ethe de sir edcyclis edpr odu ct
120in o nlylO %yield(Table2, r u n1)I Toimpr ovethe yieldof l ュo, the re actio n w a s
c o ndu cted with K OtBu(2 m ol eq)in T H F(20ml)at -5 0
oC fo r ovemight, a nd alittle
in c r e m e ntofyield(20 %)w a s obs e r v ed(Table2, r un2)I Althoughthe n ucle ophilicityof
tBuO - io n atlow te mper atu rein the rea ctio n m ediu m wasin c r eas edby ad ding 18
-
cr ow n- 6 ethe r(2 m ol eq)a ndthe re a ctio n was carried at
-60o C fo r ov emightandthen
r o om te mpe r ature roI
･ 1 ho u r
,
n oin□u e nce on theyieldof 120w as obs erved(Table 2,
1 26
r un 3). In run 4 and 5, D M Fw a salso ad dedtoinc r e a s ethe polarity oFthe re a ctiofl
m ediu m
,
but theyieldof 12 0w asnotinnu e n c ed･
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Table 2. Res ults ofcyc]ization of iodide1 1 9underv a riou s c o ndit ons
Ru nKOtBu 1 8- Cr o w n･6 T H F D M F Te mp/Tim e 120
m oleq nl ml Yield(%)m oleq
10
1 0＋1 0
2 0＋1 2
20
50
1 B I B 100
1 5 2 100
1 5 2 1 00
- 諾喜;64hh 10
rI /o v e rnight
■■ ■ ■■l ＋
- - ll
10
･5 00C/o v er night X)
-
,
6
.
0
/
o
宇エo v emight 10
-6 0oC ～ ･2 0oC
/o v ernight
rI/ov er night
-60oC ～ -10oC
/ove might
･60oC
24 h
･6 0oC
24 h
･7 8oC
24 h
10
20
3B
60
55
Fro m the r esults of run lto 5
,
w eco n side redthat the a m o unt of ba s e,1the r e a ctio n
te mpe ratu re andthedilutio n ofr e action m ediu m wo uld innu e n c e o ntheimpr o v e m e nt
oftbeyieldofco mpo und 12 0･ T he r e a ctio n w as,thu s, c a rried o ut with K OtBu(1.8 m ol
eq),18-crow n - 6ether(1･8 m oleq)in100mlof T HF(n e arly0.005 M s olutio n)aト60oC
fo r o v er night, givingin38 %yield(Table2
u
,
ru n6)･ Ne xt,the re a ctio n with KOtBu(1.5
m ol eq)and 18- c r o w n-6 etbe r(2 m oleq)in100mlof T H Faト60oC fo ro v e r nightga v e
the cyclisedpr odu ct120 in 60% yield, w he reas aト78
oC fo r over night affo rded 5 5 %
yield(Table2, m n7 a nd 8).
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As a e o n eiu sio nthe cycliz atio n ofiodidel19tofor m cylicpr odu ct120affo redthe
be styield(60%)withi.5 m olequivale ntba seinthepre senc eOf 18-c r o wn -6(2.0rn ol
eq)u nderthedilute s olutio n at -60
oC fo r o v e r nigbt･
T he str uctu re ofc o mpo u ndlュoobtain ed w a sdetermin ed byiR,
lH - = M R, 13c-
N M R
,
m a s s spe ctr o s c opy(Lo w Re solutio n as w eu asHigh Re s olutio n)a nd optic al
r otatio n･ The c ompo u nd 120sho w ed n oNHpe akat3400
- 33 00c m･ linI Rspe ctru m
a ndn oN Hpeakat8H5･Olin
lFl-N MR, whe r e a sthe s epe aks w er e obs er v edinIR a nd
lH-N M Rspe ctr a ofthe c o mpo u nd l19･ M o r e o v er,
13c･N M Rspe ctr u m ofco mpou nd
l之Osho w edn op組kat8c7.00 which ha v ebe e nfo u nd inthe c o mpo u nd 119 forC H2Ⅰ
展r OuP.In additio n, 也e m a s s spe ctr os c opie dataELo wRe s olutio n, m/A:365(M＋＋H)and
Hi農hRes olu ぬ恥 C alcd fo rC20FI33N204:365･24419,fo u nd365･2419]ar e c o n siste nt
fo rthe C ompo u nd 1 20, a nd the optic al rotatio n w a sfo u nd to be [q]D
25.23･0 0o
(c=l.00, C H C13).
∩
.g
0
MO WN
120
勺レ OT M S
N
′
Boc
･ #r
OMe
-
- - - - - 一 斗 ー PづN J～
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N
T he studyofthe Diels- Alder r e actio n ofopticallya ctivedien ophile120obtianed
with die n eto c o n str u ct the optic ally a ctive tetra cyclic co re of m an z amine A is in
prOgre S S･
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4. Expe rim e nts
Ap pa r attlS
M elting point: Melting points(mp)w er edete rmin ed with Ya m ato M P-1 a nd
Yanaglm OtO mic ro m eltingpointappa r atu s a nda r e u n c o rr e cted･
●
Infrar ed:Infr ar edspectr a(IR, ”in c m
-1)w e re r e c o rded withaHita chi 260-10
spe ctrophoto m eter･ U nles s other wis e n oted,Ir spe ctra r ef rtoK Brdisks･
M a s s･. M as s spectra(MS)w er e r e c o rded o n aHita chiM -60(LR-EⅠ), R M U-7M(H R-
EI),J E O L H X-110 A(L R-EI, H R-EI, L R-F A B, H R-F A B)orJMS- ÅM 20(L R-
EI)m as s spe ctro mete r.
N M R:1H - N M Rspectra we r er e c o rded o n Hita chi R 24 B(60 M Hz),JNM - G S X-500 A
(500 M Hz),J N M- G S X-400 A(400 M Hz),JN M- G S X-500 A(500MHz),J N M-
A 400(4 00 M Hz).13c- N M Rspectr a w e re r e c o rded o nJlヨO LG SX-400(100
M Hz),JN M- G S X-5 00 A(125 M Hz)a nd J N M- A 400(loo M Hz)appar atu s.
N M Rspe ctra wer e m e asuredin CDC13, u nle s s other wis e n oted, a nd chemic al
shifts w e re re c orded in8valu es(ppm)r elativ etotetr a m ethylsila ne(TMS)as
tbeintem alstandard･ Thesy血bols, s(singlet),d(do ublet), rt(triplet),q
(qu artet), m(m ultiplet), a nd br(br o adened), are u s edtode s c ribedthe
m ultiplicityandshape ofsign als.
Optic alr otation :Optic alrotation s we r e r e c o rded withaJAS C O D IP-140polarim ete r
u slng a10c m c ell.
T LC: An alytic al T LC w a s c arried o nKie selgel G F254type60(Merck)plate s･ Spots
w er e vis u alised with U V ba nd la mp o riodin e stainl ng Or Stainl ngre age nt
[anis aldehyde(15 mi), c opc･ H2S O4(15ml), AcO H(3 ml)in EtO H(270ml)or
P205･24 MoO3･6 Ⅲ20(6g)in EtO H(100ml)】.
Colu m n chro m atography:Silic agel 60(Merck No･7734)w a s u s ed forsilic agel
c olu m n cb∫o m atogr aphy･
129
Synthe sis of ”- m etho xy m e地沖2･pipe1･ido ne97(況Ⅹpt･346)
H¢
n-BuLi/T H F
,
17 8OC
,
0.5 h
MeO C H2CI/rt, 2 h
･ o M¢
0 67% 0
95 97
Added dryT H Y(80ml)into2-piperido n e95(5.00g, 5 0 A 3m m ol)predried u nde r
a rgo n, a ndthe n stirr ed aト78
oC･ Tothis s olutio n added n -BuLi, 1･6 Ms olutio nin n-
he x a n e(37.82ml,6 0.5lm m ol)a ndthen stirr ed at -78
oC fo r0.5ho u r･ Chr olo methyl
m ethylOther, MO M Cl(4.87 ml, 65.55 m m ol)w as addedto this r e a ctio n mixtu r eat
-78oC a nd stirredfo r15min utes at thiste mpe r ature . Stirringthe r ea ction mixtu re at
ro o mte mpe r atu r efo r2 ho u rsbefor equ e n ching with s atu r ated N H4Cl･ The aqu e o u s
laye r w a s e xtra cted with AcO Etafte r s epar atl ngthe o rga niclayer a ndthe n w a shedthe
c o mbin ed orga niclaye r withbrin e s olutio n･ Ev apo r ating ofs olv e nt afterdrying o ver
MgS O4 ga v ethe c r ude which w a schrom atogr aphed o nSiO2(AcO Et)to affo rd N
-
m etho xy m ethyト2-piperido n e97(4･84g, 67%)asyelo wliquid･
Data ofcompo u nd97
【N- m etho xy m ethyト2-piperido n e】
IR(n e at)c m
-1:295 0,1650,1165
1H - NM R(C D C13)8:1.83(4H, m , 2 C H2),2･43(2 H,t,J= 6･l Hz and 5･9 Hz, C H2),
3.30(3 H, s, M eO),3.37(2 H,t,J= 6･1 Hz a nd 6･l Hz, C H2),4･81
(2 H, s, O C H2N).
ら
m
95
@ g7
13 0
Si O2, P M A, AcO Et o nly
synthesis ofm ethyl N- Bo c･ L
･se rin ate98(Expt-35叫
H O
jTY
c o2H
1)MeC O CI/ MeOH
OOC
,
0.5handr eflu x2.5”
2)Bo c20, TE A/ TH F
N H2 0oC, 0.5 hand r. t 3h
8 9%
HO
98
C O2Me
N H 8o c
Todry m etha n ol(400ml), unde ric e c o olingaddeda c etylchlo ri由 MeC O Cl(64ml,
900m m ol)a nd stirred fo r10 min ute s･ i-s erin e96(3 1･5 2g,300m m ol)w a s addedto
this re a ctio n mixture and stirr ed fo r30 min ute s at thiste mpe r atu rebefo r ehe ati ng a nd
then renuxed it. Re m o valofs olve ntafter2.5ho u rsga v e white s oli〔le, m ethyls e r,in ate
hydro chlori de, which w a sus ed withoutfu rtherpu rificatio n･ To a s u spe n sio n of m ethyl
se rinatehydr ochlorideinT H F(4 00ml)addedtrietyla min e, Et3N(83.51 ml,600m m ol)
a nd a s olutio n of di-te rt-butyl dic arbo n ate,(Bo c)20(65 A 7g,3 00m m ol)in T HY(150
ml)atO
o C a ndthe n stirr edthe rea ctio n mixtu r e atr o o mte mpe r atu refo r3 ho u rs. The
s olvent w a s r e m o v ed in vacu o, a ndthe r e sidu e w aspa rtitio n edbetw e e nEt20(300ml)
a nd H20 (3 00ml). T he aqu e o u spha s e w as e xtr a cted with Et20(200ml)andthe
c o mbin ed orga nicphases w ashed with3 % hydr o chlo ric a cid,5% NaHCO3 a ndbrine,
su c c es siv ely･ Drying o ve r MgS O4 a nd evapo r atio n ofthe s olv e nt affo rded c r ude
produ ct which w a schro m atogr aphed o nSiO2(AcO Et/n- he x a n e= l:1)to giv e98
(58.53g, 89%)asc olourless oil.
Data ofco mpo u nd 98
[Methyl N-Bo c-エーS erinate】
[α]D26-19･6
o
(c= 1･02, M eO H):lit[α]D-18･9
o
(c=5･0, M eOH)17)a nd - 17.5o(c = 5.0,
MeO H)16)
IR(n e at)c m
-1:34 00
,
2950,174 0,1680
S
m
96
@ 98
13 1
Si O2, P M A
AcOEt/n -he x= 1:1
Synthesi畠of3･(” -dim ethylethyl)･4･ m ethyl･(s)･2,2･dim ethylo xaz olidin e･3,4･
dic a rbo xylate99(斑Ⅹpt- 35 3)
H O
′ Y
c o2”e
N ‖Boc
9B
2
,
2･ DM P /Ac eto n¢
B F3.OEt2
r.t 3 h
84%
og･
c
B
O
o
2
c
”e
99
The e ste r98(10.96g,50.00 m mol)w asdis s olv ed in a mixtu r e ofac eton e(200ml)
and2,2-dim etho xypr opa ne,, 2,2- DMP(30.74ml, 250m m ol)to･whichBF3●O Et2(0･2
ml, i.6 m m ol)w as added. T he r e s ultings olutio n w a s stirr ed atr o o mterpe r atu r efor3
hours. The s olv e nt w a s r e m o v edin v a c u o, the re sidu etake n up l n m ethyle n echlo ride
(200ml)a ndthe r e s ultings olutio n w a shed witha mixtu r e ofs atu r ated NaHC O3 a nd
H20(1:l, lo ml),the nbrin e(100 mi),driv ed o v erMgS O4･ Ev apo r ation ofthe s olv e nt
ga v e c r udepr odu ct which w as chr o m atogr aphed o nSiO2(AcO Et/n
-he x a n e= 1:4)to
a肋rd99(10.92g,84 %)as apaleyello w oil･
Data ofc o mpo u nd99
〔3-(1,トdim ethylethyl)-4- m ethyl-(s)-2,2-dim ethylo 又a Z Olidin e-3,4-dic arbo xylate]
【α】D26 -55･9
o (c=1･0, C H C13)‥lit ,【α】D - 54
o(c- 1･3, C H C13)1 7)a nd -57
o
(c - 1 3,
c HC13)16)
IR(n e at), c m
-1:2950,1760(C= O of CO2M e),170 0(C =O of Bo c)
1H -NM R(C D C13),8:1.42(9 H, s, Bo c),l･50(3 H, s, M e),1･68(3 H, s, M e),3･76(3 H,
s
,
MeC O2),4.05- 4.18(2 H, m , C H2),4･43(1 H, 孤 , C H
*)
S
m @ 99
132
SiO2, P M A
AcO Et/n-he x=1:3
Synthesis of 1,1･dim ethy1 2,2･dim ethyl
･4･(s)･fo r mylox a z o首idin e･3ペ泊 rbo xylate
(Gar n e raldehyde)10(Expt･357)
o
x
ri･
c
B
O
o
2
c
” e
99
D】B A L / Tolu e n e
･7 8oC , 5h
8 8 %
o
x
ri･
c
B
”
o;
100
A dded a nhydro u stoluen e(100ml)tothe este r99(12･96g,50 m m ol)u nde r a rgo n
a ndthe s olution was c o oledto -78oC befo r e addito n of diis obutylalu min u mhydride
(DIB A H), l Ms olutio nintolu e n e(125ml, 125m m ol)slo wlybya c a n n ula. Stirring wa s
c o ntinued fo r5 hours befo re c areful addito n of a nhydr o u s m etha n ol(20 ml)a nd
w arming to ro o mte mpe r atu r e･ T he mixtu r e w a sthe npo u r ed into a s oltltio n of
pota ssiu m s odiu mtartrate(90 g)in H20(250ml)andthe bipha sic mixtu re stirred
vlgOr OtlSyfor 2ho urs･ T he pha ses we resepa r ated, the aque o u slayel
･
e Xtr a Cted with
Et20(20 0ml), the co mbined orga nic extra cts dried o v e rMgS O4. Evapo r atio n of
s olv entga ve c rude which w a s chr o m atographed o nSiO2(Et20/n-he x a n e= l:1)to
affordaldehyde 100(10.15g, 88%)as colo u rle s s oil.
Data orco mpound 100
[1,1-dim ethy1 2,2-dim ethy1 4(s)-fo rmylo x a zolidin e-3-c arbo xylate(Ga r n e r aldehyde)]
【α]D27-89･3
o
(c=1･17, C H C13):lit[α]D -89o(c = 1･00, C H C13)17)a nd -9 l.7o(c= 1.3 4,
c H C13)16)
IR(ne at)c m
-1:2950
,
1740(C- 0 of C H O),1700(C- 0 of Bo c)
1= -N M R(C D C13)8:1･44(9 =, s, Bo c),1･50(3 =, s, M e), 1･52(3 H, s, M e),4.08- 8.10
(2 H, m , C H2),4･19- 4･34(1 H, m , C H*),9.55- 9.61(1 H, m , C H O)
ら
m
◎ 99
◎ 100
133
Si O2, PM A
AcO Et/∩ -he x=1:3
Aldolr e a c鮎 n of ”- m etho xy m e他)心2-pipe rido n e97withGa r n e r aldehydclo
(温Ⅹpt-36之)
･o MNQ
g7
1)Li柏(引M母3)2/T H F, ･60oC,1り
CH O 100/T HF
do6cO
oC･ 1hand
63%
Tr 2)
ri0
g
o
>(
MOM N OH
･4 0oC
,
4 h
. ..
i
7
L
N Bo c
A s olution of Lithiu mhis(trim ethylsilyl)amide, LiN(Si Me3)2,(il･043g,66･O m m ol)
in a nhydr o u sTHY(loomi)u nder a rgon w a s c o oledto
-60oC, to which N- m etho xy
m ethyト2-pipe rido n e97(6.325g,44･O m m ol)in T H Y(20mi)w as added･ T he r e s ulting
rea ctio n mixtu r e w a s stir red aト60
oCfor1ho u r a ndthe nGarne r aldehyde100(8･109g,
35 m m ol)in T H Y(20 ml) w a s added at -60
oC･ Stirringthe r e actio n mixtu r ew a s
c o ntin u edaト60oCfo r1 ho u r a ndthe n aト40
oC fo r4 ho u rs.T he r e a ction mixtu r e w as
qu e n ched with m etha n ol(20 ml)andthe n with s atu r ated N H4Cl･ The pha s e s were
s epar ated, the aqu e o u slayer e xtr a cted with AcOEt(200ml), the c o mbined o rga nic
e xtr a cts w er e w a shed withbrin e a ndthe ndried o v e rMgS O4･ Afte r e v apo r atingthe
s olv e nt, c nldepr odu ct obtain ed w aspu rified by chr o matogl
･
aPhy o nSiO2(AcO Et/n -
he x a ne =10:1)togiv e c o upling pr odu ct101(8･212g, 63 %,based o nGa r n e r aldehyde)
a s ayello w oil･
Data orc ompo u nd 101
[α〕D25 -27 3 8
o
(c=1.03, C H C13)
IR(n e at), c m
-1:34 00,2950,1740,1690
◎ 97
◎ 1(刀
101⑳
134
SiO2, P M A
AcO Et/n ･he x=1 0:1
Dehydr atio n ofthe c oupling pr odtlC‖01(Expt
-363)
M O M N 0
1)Et3N , MsCT/ CH2C12
-4 0oC,i h and O
oC,1 h
MO M N
2)DB U, P h H
rt
,
2 ha nd ref[u xl h
0
Bo
ら..
C㌔〈
0
M OWN
迅Bo c
1 .1
占プ
N Boc
1 02(55 %, E-is om e r) 1 03(3 6%, Z-iso m er)
T he co upling pr oduct101(1･78g,4･79m m ol)w a sdis s olved indry m ethyle n e
chlo ride(5 0ml)andthe s olutio n w a s c o oledto -40
oC, andthe n addedtrietylamin e,
Et3N, (2.67 ml, 19.19m m ol), stirr ed aト 40
oC fo r10 min ute s･ M etha n e s ulfo nyl
chloride
,
MsCl(1.48ml, 19.1 9m m ol)was addedtothe mixtu re a ndstirredaト40
oC fo r
1 hou randthen c o ntin ued atOo C fo r1 h. T he re a ctio n mixtu r e w a sdiluted withether
(50ml)a ndsaturatedNaCl(10ml), a ndthe o rga niclaye r w a s s epa r ated. The aqu e o u s
phase wase xtra cted w a s with AcO Et(10 0ml)andthe c o mbin ed o rga niclaye rs w e r e
w ashed with s atu r ated NaCl(10ml), dried over MgS O4. Ev apo ratio n ofthe s olv e nt
gav ethe re sidu e which w a sdis s olv ed in be nze ne(5 0 mi)a nd ad ded 1,8- Dia z abicyclo
[5,4,0] u nde c-7- en e, D BU(3.5 8ml, 23.95ml), a ndthe s olutio n w a s stir red at r o o m
te mpe ratu r efo r2 hou rs, then he ated at - 100
oC fo r1 ho u r. T he r e a ctio n mixtllr eW a s
diluted with Et20(5 0ml)a nd w a shed with H20(20ml). Afterdrying overMgS O4
a nd ev aporatingthe s olventga v e a r e sidu e which w a spu rified by r epe ated c olu m n
chro m atogarphySiO2(Et20 /n-hex a n e= 2:1)to affordthedehydr atio nprodu cts102(E-
is o me r
,
m o repola r) (0･90g, 55 %yield, a s a n oil)a nd 1 03(乙is o m e r,le s spola r) (0.60
g,3 6 %yield, as a noil), r espectively.
Data ofc o mpo u nd 102
(E-is o m e r, m orepolarproduct)
【α]D22 -8.50o(c=1.00, C H C13)
IR(ne at), c m
-1:295 0,172 0, 1690
M A S S, L R F A B M S, m/z:355(M ＋＋H) (35 %),267(loo 鞄)
135
HRFA BMS, Calcdfo rC18H3 105N2:355.22343:Fo u nd 35.2240
1払 N MR(C D C13),8:1.4 1(9 H, s, Do c),1 A9(3H, s, M e), 1.51(3H, s, Me),1.89(3 H,
m
,
CH2a nd l HofC H之),2.41(1 H, m , lH ofCH.2),3.31(3 H, m ,
M eO),3.40-3.43(2托 m , N C H2),3.71(1托 m , C H*),4.06- 4.15
(2 H, m , C H20),4.86(2 H, s, OCH2N),6.82(1 H,br, CH = e x o
cyclic)
Data ofc o mpo u nd ま03
l勺
(Z-iso me r,le sspolarpr odu ct)
桝 D22 -4礼37o(c=0.08, C王-IC13)
IR(n e at)c m
-1:2950,1720,1690
M A SS, LRFA BMS, m/z :355(M＋＋H)(100 %),
H R F A B M S, Calcd 紬rC18H3105N2:355.22343:Fo u nd:355.224
1H -NMR(CD C13)
,
8:lA2(9 H, s, Boa),1･53(3H, s, M e),l･57(3 H, s, Me), 1･82(1 H,
m ,C H2), I.95(1H, m ,CH2),2.44(2 H, m , C H2),3･33(3H, m ,
MeO),3 A 7(2 H, m , N CH2),3.76(1H, m , C H*),4･22(1 H, m ,
CH20),4.77(2 H, s, CH20),5.761H, m , C H20),5･84(br, 1H,
CH = e x o cyclic)
ち
m
lB .dos
SiO2, P ⅣlA, Et20/n･he x=2:1
s e c ond de v elopm e nt
M igr atio n of do ublebou nd ofe x o c o mpo u nd 102(E
･is o m e r) (Expt-37 6)
ら. c㌔く (Et O)3S iH
M O M N も､
1 02(E･is o m e r)
0 (P h3P)3R h CI
Cs2C O3
P h Me
reflu x,3 h
68 %
M O M N
･ 肪 占ナ
N Bo c
To a s olutio n ofe x opr odu ct102(E-is o m er) (2･04g, 5･75m m ol)indrytoluene(40
ml)addedtrietho xy sila n e,(EtO)3Si H(O12lml, 1･15m m ol), Tris(triphe nylpho sphin e)
-
rhodiu m(I)chlo ride, (P h3P)3R h Cl(0･3 2g, 0･34 5m m ol) and Cs2C O3 (2･5 g)I
13 6
r e spectiv ely･ T he r e a ction mixtu re w a s renu x ed at
- 140oCfo r3ho u rs a ndthe n c o oled
to r o o mtemperatur e･ T he reactio n mixtu re wasdiluted with AcO Et(50 ml)a nd filte red
thein s oluble m aterial, dried ov er MgS O4･ Ev apo r atio n of s olv e ntga v ethe r e sidu e
which w as chro m atogr aphedo nSi O2(Et20 /n
-he x a ne=2:I)to affo r(1the e ndo cyclic
do ublebo ndpr oductlO6(1.3 9g, 68 %)as ayello w oil･
S
m
⑳ 1 02
⑳ 1〔応
SiO2, U V, P M A
Et20/n･hex:=2:1
s e c ond developm e nt
M igr atio n of doublebo u nd ofe x o c o mpou nd 103(Z･is o m e r) (Expt･384)
(Et O)3S M
0
M O M N
､勺
1 03(Z･js o m er) 0
N Bo c
千
(P h3P)3R h C)
Cs2C O3
P h Me
reflu x, o v e rnight
l O %
M O WN
.岱
ムーヂ
Bo¢
To a s olution ofex opr oduct103(Z-is om er) (1･77g, 5,00 m m ol)in drytolu ene(40
ml) ad ded trietho xy sila n e, (EtO)3SiH (0. 1 98 ml, 1. 0 0 m m ol),
Tris(triphe nylpho sphine)-rhodiu m(Ⅰ)chlo ride,(P h3P)3RhCl(0.277蛋, 0.30 m m ol)a nd
Cs2C O3 (3.0 g), respectively: T he r e a ctio n mixtu r e w a s r eflu x ed at - 14 0oC fo r
ov er night a ndthe nc ooledto r o o mte mpe r atur e･ T he r e action mixtu r e w a sdiluted with
AcOEt(50ml)and filte r edthein s oluble m aterial, dried ove rMgS O4. Ev apo r atio n of
s olv entga v ethe r esidue which w as chro m atogr aphed o nSiO2(Et20 /n-he x ane=2:1)to
affordthe endo cyclicdoublebo ndpr odu ct106(0･10g, 10 %)asyello w oil, alo ng with
the starting m aterial 103( 0 %).
Data ofc o mpo u nd106
[cL]D2 2 -8.06o(c= 0.98, C H C13)
I R(neat), c m
-1:2950
,
172 0
,
1690
M A S S, L R F A B M S, 355(M＋＋H)(43 %),3 23(loo 鞄)
H R F A B M S
,
Calcd forC18H3105N2:355.22343, Fo u nd:355.2240
1H -N M R(C D C13),8:l･39(9 H, s, Boc),1･51(3 H, s, M e),1･54(3 H, s, M e),1.83(2 H,
137
m , C H2),L2 A 7(2H, m , CH2C*),3.3 1(3 H, m, M eO),3･82-3･90
(2 H, m , NCH2),4.13- 4.17(1H, m , CH*),4.77(2H, m ,C H20),
4.82(2H, s, OCH2N),63 2(lH,br, CH= e ndo cyclic)
S
m
◎ 103
⑳ 1(浴
SiO2, U V, PM A
Et20/n･hex=2:1
Seco nd de v elopm e nt
D倍kctalis atio n ofe ndopr odu ct106(Expt･ 378)
MO… ‥
106
0
A mb即]yst 1 5
MeO ‖
rI
,
o v 即night
93%
NBo ci＋
MO M N
0 ”. ”. .
1(坦
N H Bo c
O H
To a s olutio n ofe ndo pr odu ct106(i.70g, 4･80 m m ol)indry metha n ol(60 ml)w as
added Ambe rlyst15(0･4蛋)andstirr edatr o o mte mperatu r efo r o v emight･ The re a ctio n
mixtu rew a sdiluted with AcO Et(50ml)a ndfilte r edthein s oluble m ate rials･ A fter
w a shing withs atu r atedNaH CO3(10 ml),the o rga niclaye r was s epar ated･ T he aqu e o u s
laye r w as e xtra cted with AcOEt(50ml), driedthe co mbin ed o rga nic e xtr a cts o v e r
MgSO4･ Ev apo r atio n of the s olv e nt ga v e a r e sidu e wh
ich w aspu rified by
chr o m atography o nSiO2(AcO Et)to affo rd deketalis ed alc ohol109(l･4 0g,93 %)as a
c olo u rle s s oilwhichs olidifiedon standing,
Data ofc o r npou nd 109
【α】D21十26.8
o(c= 1.6, M eOH)
IR(n e at), c m
-i:3400,3300,2950,1700,1660
M A S S,L R F A B M S, m/z:315(M＋＋H) (50 %),283(100
0;/o)
H R F A B M S
,
Calcd fo rC15H2705N2:315･1921 i,Found:315･1920
1H - N MR(C D C13)8:l･4 1(9H, s, Do c),l･49(3 H, a, M e),l･51(3 H, s, Me),l･89(3 H, m ,
cH2 a nd l Hof C H2),2.41(lH, m , 1 HofC H2),3･3 1(3 H･ m ･
MeO),3.40- 3･43(2 =, m , N C H2),3･71(1 H, m ,CH
*),4･06- 4･15
(2 H, m , C H20),4.86(2 H, s, O C H2N),6･82(l H,br, C H
= e x o
138
cyclic)
13c-NM R(C DC13),8:2j.94, 28.38,3 1.31, 43.94, 53･68,56･05,63･57,76･68,7 9･25,
131.7 0,139.10, 155.9l,167.15
S
∩ 1 09 ㊨
106@
SiO2, U V, P M A
AcO Eto nly
Pr eparation of the De s s･ M artin pe riodin a n e123
【1,1,1-triac eto xy･1,1･ dihydr o-1,2･he n ziodo x oト3(捕)･ o n e]22)(FJ XPt･4 68)
C O O H
&
L K BrO3
H2SO4
65oC
3 h
ク′
さ ､
121 1 22
0
J
.ト
I
十
､
O H
♂
Ac20
0.5% TsOH.H20
8 0oC
O,5h
ク′
b､
0
123
A
<
c
O
o
A
A
C
c
Crystalline s olid K BrO3(22.8g, 0.14m ol)w as added ov e r0.5 hou rto a stirr ed
s u spe nsion of 2-iodobe nzoic acid121(25g, 0.10m ol)in 0.73 M H2S O4(200ml)at
ro om te mpe ratur e･ T he mixtu r e w a s stirred fo r3 ho u r s at 65
oC, A fte r c o olingthe
mixtu r e waskeptin anice - w ate rbath･ Filtratio n(O
oC), w a shing(H20:3 00ml, AcO Et:
50mlx2, Et20:100 mix2)gave25g(90 %)of 1- Hydr o xy-1.,
2-be n ziodo x aト3(1月)- o ne
122asyellow po wder･ A stirr ed slu ry ofthe abo v eperiodin ane1 22 in a c etic a nhydride
(10 0ml)andp-tolue n e s ulfonic a cidm o n ohydr ate, TsO H. H20(3 00mg)w a she ated at
80oC for3 0min utes, a ndthen c o oled in a nice - w ate rbath･ Filtr atio n a nd w a shing
(Et20)gav ethe white crystalline s olid 12 3(20g,7 0%)(mp132- 133
oC
,
lit. mp133-
134o C)･ T he r e s ulting m aterial w as pre s s ed w ello nthe filter pape r and quickly
tr ansfer redto a nargo nnu shed bottle a ndsto r edin afr e e z e r.
13 9
Oxidation ofdcketalis edalc ohollogbyI)a ss- M a rtin pe riodin a n e123(尻xpt･389)
MO糊N
0 ”.. ..
109
De s s欄 a州 n re age nt 123
N‖Bo ¢
Q H
C H2C12
0oC
,
1 0min
76%
M O 糊N
0
Hl.. ･
･ NHBo ¢
110 C H O
As olutio ncontainingdeketalis ed alc ohol109(1･3 4g,4･26m m ol)in m ethyle n e
chlo ride(10 ml) w a s added to ne s s- Ma rtin r e age nt12 3(3･0 7g, 7･24 m m ol)in
m ethyle n e chloride(30ml)atOoC u nder a rgo n･ T he re s ulting mixtu r e w a s stilT ed atO
oC
fo r25 min ute s, diluted withEt20(50 ml), qu e n ched with aqu e o u sNaO H(10ml),
s epar atedthe o rga niclaye r. An aque o u slayer w a s e xtr a cted withAcO Et(3 0ml x 2)
a ndthe co mbin ed orga niclaye rs w e r edriedo v e rMgS O4･ Ev apor atio n ofsolv e ntga v e
the c r ude pl
･
Odu ct which w a spu rified bychr o m atogr aphy o nSiO2(AcO Et)to afford
aldehyde110(0･995g, 76%)as a c ol u rle s s oil･ T he aldehyde110thu s obtained w a s
im m ediatelyu s ed inthe Wittigr e a ctio n･
Data ofc o mpo u nd 110
IR(n e at)c m
- 1: 3400
,
2950,1740, 1640
M A S S, L R F AB M S, m/z:3 13(M＋＋H)(15 %),225(100 %)
H R FA B M S:Calcdfo rC15H2505N2:3 13･17645,Fo u nd:313･1753
1H- N M R(C D C13),8:1.43(9 H, s, Boc),2･39(2 H, m , C H2),2･64(2H, m , C H2),3･31
(3 H, s, O Me),3.46(2 H, m , C H2N),4･24(1 H, m , C H
*),4･84
(2 H,q, J= 10.OHz a nd lO･ Hz),5･73(1 H, s, N H),6･49(1H,br,
C H= e ndo cyclic),9･59(l H,br, C H O)I
ら
m
◎ 1(沿
◎ 110
140
SiO2, U V, P M A
AcO Eto nly
Synthe sis of 5 凋r o m ope nta n心 o1 13(Expt･382)
E t o川
11 2
Br OCOC H3
21J NaO ‖
rt O.5 h
8 4 %
Br
113
0‖
To a s olutio n of 5-br o m ope ntyla c etate112(17･98g,86･0 0m m ol)in abs olute
etha n ol(60ml) w as added 2 N NaOH(8 0ml)a ndthe mixttlre W a s Stirr ed at r o o m
te mper atur efor30min utes. A fter c o n centr atio n ofthe s olutio n,the o rganic re sidu e w a s
extra cted with Et20(25 0ml). T he c o mbinedethe re ale xtra cts w e r edried ove rK2C O3.
Rem ovalofthe s olv e ntga v ethe c rude which w a s chr o m atogr aphed o nSiO2(AcOEt/
n-he x ane= 2:1)to afford br o m o alc ohol 113(12.llg, 84 %)as c ol u l
.le ssliquid.
Data ofc o mpo und 13
[5- Bro m ope ntan - トo1】
IR(n e at)c m
-1:34 00
,
2950
S
m
◎ 112
◎ 113 SiO2, P M A
AcO Et/n -he x=1:2
Synthesis of 5-hydr o xype ntylpho spho nitl m S alt114(Expt-383)
P h3P
113
Br O H
K2C O3
C H3CN
reftux,3.5 h
7 5 %
8r
十
Ph3P
11 4
OH
A mixture of bro m o alc ohol 113(11･Og, 65･85m m ol)a ndtripbe nylpho sphin e
(1 7･27g, 65･85 m m ol)in a c eto nitrile(8 0ml) w a str e ated withpota s siu m c a rbo n ate
(10･01g, 72･43 m m ol), a ndthe suspe nsion w a she ated at r eflu xfo r3.5 ho u rs u nde r
a rgon ･ T he co oleds olutio n w a sfiltered and diluted withEt20(1 00ml). T he s olid11 4
w a s c olle cted
,
w a shed with ether and dried(8･03g, 35 %, mp189- 190
oC). The mothe r
liqu o rw a sco nc entrated, rec rystallis ed fro mEt20toglV efurtherpho sphoniu m s alt114
(9.4 2g,4 0 %).
141
Data Ofc o mpo md 1丑4
1R(n e at), e m
-I: 3350
PF ep執rat皇o n of Wittigr e a酢 nt115(Expt･387)
＋
P h3P
● l●
Br 114
O H
TB D M $OTf
2
,
6･Lutidin e
C=2C暮2
･10oC ,0.5 h
Br
＋
Ph3P
11 5
OT BD M S
To a s olutio n of
l
phospho niu m s alt114(1･5A, 4･之9 m m ol)indry m ethyle n 昏 Chlo ride
(30ml)w a s added 之書6-1utidin e(i.0 ml,8･5 8m m ol)a nd 伽 mixtu re w a s stirred
aト10oC
fo r10minu旭s u n血r argo n, a ndぬe nie rt-butyldim ethylsilyltriflu ol
･
O mぬ a n 昏 S ulfo n ate7
TB D MS O Tf(I.25ml, 5.4 4m m oi) w as added･ The resulting mixtu re was stir red at
- 10
oC fo r30 min utes, diluted with m etbyle n e chlorids(5Oml),qu e n ched with l NHCl
(10 ml). T he o聯 nie pha s ew as s epa r ated, w ashed withs atu a rted NaH C O3 a ndthe n
with brin e,driedo v e rMgSO4. On e v apo r atio nofthe s olv e ntga v eWittigr
e age nt115
(2,05g, 103%, c o ntaining alittle of2,6
-1itdin e)as c ol u rle ss oil which s olidified o n
sta nding･ Wittigr e age nt115thu s obtain ed w a s used witho uto
the rspu rifl C atio n･
Data ofc ompo u nd115
1H- NM R(C D C13),8:0･85(9H, s, SiC Me3)･153
- 1･63(6H, m ,3 C H2),3･3 5(2 H, m ,
c H20 TB D M S),3.55-3.58(2 H, m ,CH2PP h3),7172
- 7･84(15 H,
m
,
∬ o matic- 班)
13c- N M R(C D C13),8:18･25, 22･45, 25･90, 26･92, 3l･97, l17･ l, 125･26, 128･19･
12 9.00, 13 0.4 8, 13 0･60, 133･ 7, 133･47･ 135･12, 135･14
142
wittigRea ctio n ofaldehyde且10withpho spho ni
u m s a!川 5(FJXPt-3氾)
M O W N
O HH ･･ ･
11 0
Wittigreagent 115
K N(T M S)2
To]u e n e
N H Boc ooc
,
o.5 h
C HO
7 0%
M OWN
116
NHBo c
OT B D M 5
To a solutio n ofpho spho nium s alt115(3･59g, 717 5m m ol)indrytolu e n e(30 mi)
ad ded pota s siu m bis(trim ethylsilyl)amide, K N(T M S)2(1･70 g, 臥525 m m ol)atO
oC
u nde r a rgon. A fte rstirring atO
oC fo r10minutes, aldehyde110(0･995g,3事10m m ol)in
drytolue ne(10ml)w a saddedtothe re a ctio n mixtu re a ndstirr ed atO
oCfo r30 min 口te S･
Que nchedthe r e actio n mixtu r e with s atu r ated N H4Cl(10ml)befo r e separatingthe
orga nic laye r. An aqueo u slayer w a s e xtr a cted with AcO Et(50 ml) andthe rlthe
co mbined orga niclayers w er edried ov e rMgS O4. Ev apo r atio n ofthe s olv e ntga v ethe
c rude which w as chr o m atogr aphedo nSiO2(AcOEt/n-he x a n e=1:1)to affo rd W ittig
pr odu ct116(1.07g, 70%)as apaleyello w oil･ T he Wittig pr odu ct116thu s obtain ed
w a sim m ediately used fわrthe n extr eactio n･
Data ofc o mpollnd ll 6
M A SS,L R F A B M S, m/z:497(M＋＋H)(47 %),73(100 %)
H R F A B M S, Calcd fわr C26Ⅰ‡4905N2Si:497.34127, Fo u nd:497.3424
1H - N M R(C D C13),8:0.84(9 H, s, SiCM e3),1.35(9 H, s, Bo c), i.4 0(2 H, m , C H2),
l･50(2 H, m , C H2),2.ll(2H, m , C H2),2 3 2(2 H, m , C H2),2.40
(2 H, m , CH2),3.27(3 H, s, O Me),3 39(2 H, m , N CH2),3.56
(2H, m , C H20 T B D M S),4.4 0(l H, m , C H*),4.76(2H, m ,
O C E2N),4･90(1 H,br, N H),5.19(1 H, m , C H=),5.37(1 H, m ,
C H=), 6･3 9(1H,br, C H= endo cyclic)
13c- N M R(C D C13),8:24･02(C H2),25･91(C H2),25.93(C H2),27.4 1(C H2),28.38,
3 2･55(C H2),43･87(N C H2),48.79(C H*),55.93(M eO),63.14
(C H20 Si),77･16(O C H2N),77.35, 130.79(C H=),13 1.69
143
(CH=),13 2. 1(C H=),137. 30, 155.29 ,16.4 1･
S
m
@ 110
1鳩噸静 SiO2, UV, P MA
AcOEt/n･hex=ニ1:1
Depr ote ctio n of
r
r B D M Sgro upof W ittigpr odu ct116(Rxpt･394)
MOM N
116
TB A F.H20
＋
T ‖F
NHBoc rt,3h
OTB D M S 83%
MO M N
117
N=Bo¢
OH
To a s olutio n ofWittigpr odu ct116(0 3 0g,0･60m m ol)indryTHF(10 ml)w as
ad dedtetr abutyla m m o niu m nu o ride m o n ohydr ate, T B A F･H20(0･282g, l･08m m ol)
u nde r a rgo n, andthe r 昏S ulting mixtu r ew a s stirred at r o o mte mpe r atu r efo r3 ho u r s,
befo r edilution with AcOEt(30ml). T he re a ctio n mixtu re w asqu e n ched withs atu rated
NaCl(10 ml)a nds epar atedthe o rga niclayer･ T he aqueo u slaye r was extra cted with
AcOEt(30 mi)a ndthe co mbin ed o rga niclaye r s w ere dried o v erMgS O4･ Ev apor ating
the s olv e ntga ve the c rude which w a spurified by chr o matogr aphyo nSi20(AcO Et/n
-
he x a n e= 5:I)to afford depr ote cted alc ohol117(0･19g,83 %)asa c olo u rle ss oil･
Data ofc o mpo nd117
【α】D25 -9.80
o(c=0.88, MeO H)
IR(c 打1)ne at,34 0, 3300,2950, 172 0, 168 0
M A S S
,
EI, m/z:383(M＋ 十1)
L R F A B M S, m/z:383(M＋＋H)(35%),23 4(90 %)
H R F A B MS, Calcd fo rC20H3505N2:3 83･25475,Found:383･2538
1H - N M R(C D C13),8:1･44(9H, s, Bo c),l･49(2 H, m , C H2),l･76(2 H, m ･ C H2),2･13
(l H, br, O H),2.13(2 H, m , C H2),2･37(2 H, m , C H2), 2･47(2 H,
m , cH2),3.3 1(3 H, s, O Me),3.45(2H, m , NCH2),4･25(2 H, m ,
cH20),4.49(1H, m , C H*),4･80(lH,d,J= 10･O Hz, O CH2N),
4.92(1 H,a,ノ= 10.0, OCH2N),4･99(1 H,br,NH),5･24(1 H, m ,
14
c H=),5.45(1 H, m ,CH==),6･4 2(1 H,br,CH = e ndo cyclic)
13c-N MR(CD C13),8:24.00(CH2),25･39(CH2),26･94(C H2),31･82(C H2),28鵜
37.07(C H2),43.7 3(N C H2),48･39(C H*),55･89(MeO),6 1･98
(c H20),77.15(O CH2N),78･94, 130･75(CH:≡), 13 1･34(CH: :),
132.07(C H=),137. 30, 15 .31,1 6 .32.
ち
m 117 ◎
116⑳
M e sylation ofalc ohol 117(Expt-396)
M O M N
117
S iO2, U V, P M A
AcO Et/n･hex=5:1
MsC]
,
T E A/C H2C[2
-60oC
,
0.5 h
93 %
NH Boc
O H
MOWN
118
N HBoc
O Ms
AIc oho1 117(0･3 6g, 0･94 12rr m ol)w a sdiss o vled in dry m ethyle n e chlo ride(10ml)
andtriethylamineEt3N(0 3 9ml, 2･82m m ol)w a s added, a ndthe r e s ulting miⅩtu re w a s
stirr ed aト60oC for10min ute s･ To the mixture w a s added m etbanes ulfbnylchlo ride,
MsCl(0.137ml, 1.22m m ol)at -60
o C
,
a ndthe mixtu r e w a s stirred forlO min utes at the
s a m ete m per ature･ T he reaction mixture W a sdiluted with Et20 (30ml)a ndthe n
qu e nched withs atur ated NaH C O3(10ml), s epa r ated o rga niclayer, dried o v e rMgS O4.
Ev apo r atio n ofthe s olventga ve the r e sidu e which w a spurifiedby a sho rt c olu m n
chr o m atogr aphy on Si O2(Et20)to a肋 rd m e sylatedpr oduct11 8(0.40g, 93 %)as a
paleyellow oil･ T he m esylatedpr oduct11 8obtained w as u s ed im ediatelyfわrthe next
re a ctio n.
Data ofc o mpo u ndllS
M A S S
,
EI
,
m/z:461(M＋＋1)
L R F A B M S
,
m/z:4 61(M＋＋H)(24 %),429(100 %)
H R F A B M S
, Calcd fo rC21H3707N2S:461.23 231,Fo u nd:4 61.23 09
1H - N M R(C D C13)･8:1･3 9(9 H, s, Boc),1･50(2 H, m , C H2),1･79(2 H, m , C H2),2.18
14 5
(2王-I, m , C王i2),2.38(2 H, m , C H2),.2･44(2 H, m , C H2),3･01(3 H,
s
,so2Me),3 3 2(3H, s, O Me),3.44(2H, m ,NC H2),4･25(2 H,
m ,cH20),4.44(1H, m , CH*),4.80(lH,d,J=10･Orまz, OCH2N),
4.91(1H,a,J= 氾OHz, OC H2N),4.93(lH,br,NH),5･27(1H, m ,
cH =),5.39(1Ⅰi, m , C H=),6.4 4(1H,br,CH = e ndo cyclic)
13c- N M R(CD C13),8:24.02(CH2),25.27(C H2),283 5(CH2),28･5 1(CH2),28･38,
36.61(CH2),37.28(SO2Me),43･78(N CH2),4臥50(CH
*),
55.86(MeO),70.02(CH20),77･13(O CH2N),78･76,130 A8
(c H=),13l.51(C H=), 13 l.99(C H=),137･ 4 0, 15 ･21, 16･37･
令
m
噸抄 117
噸静118 SiO2, UV, P M A
Et20/n･hex=1 0:1
Iodin atio n ofm esylatedpr oductI
l
ls(荘Ⅹpt･397)
M O… ‥
11 8
Hal /a ceto ne
NH Bo c
rI, o ver night
7 0%
O Ms
N!O MN
11 9
NHBo c
To a s olutio n of m e sylatedpr odu ct118(O A OOg･ 0･869m m ol)in acetone(20ml),
w a s added NaI(1,7 0g)a ndthe re s ulting mixtu r e w as stirr ed atr o o mte mpe r atu refo r
o v emight･ A fterdilutio n with Et20,thein s oluble m aterials w
er erem ov ed byFllter ation
a ndthe o rganic pha s e w a sw a shed withs atu r ated NaCl
a nd H20, dried o v e rMgS O4･
Ev apor atio n ofthe s olv e ntga v e ar e sidu e which
w a spu l
･ified bychr o matogl
･
aPhy on
siO2(Et20)to affo rdtheiodide119(0･3 03g,70%)as ayello w oi
l･
Data ofc o mpou nd119
【α〕D25 -22.57
o(c=0･7, C H C13)
IR(n e at), c m
-1
,
3350
,
2950,1720, 1680
MA S S, EI, mノz:4 93(M＋＋1)
L RF A B M S:493(M＋＋H)(15 %),57(loo鞄)
146
H R F A B M S:Calcd fo rC20H3 404N2Ⅰ:493･15652,Fo u n (i:4 93･15 61
1H - N M R(CD C13),8:1.40(9H, s, Bo c), 1･50(2 H, m , C H2),1･85(2H, m ,C H之),2･18
(2 H, m , CH2),2.38(2H, m ,CH2), 2 A 4(2H, m ,C H泌 3･20(2 H,
m
,
cH2Ⅰ), 3 3 2(3 H, s, OMe),3.46(2 H, m , NC H2),4･44(1H, m ,
C H*),4.8 0(1 H,d, J=10.0 Hz, OC H2N),4･93(lH,d,I::10･Orlz,
O C H2N),5.Ol(1H,br, N H),5.25(1 H, m , CFⅠ=), 5･40(liヰ, m ,
C H=), 6.44(1托 br, C rI= e ndo cyclic)
13c- N M R(C D C13),8:7.00(C H21),24.07(C H2),25.52(CIi2),28.48, 30.40(CH2),
31.82(C H2),36.61(CH2),43.80(NCH2),48,62(C H*),55.93
(M eO),77.16(O C H2N),77.32, 130.85(C H=),13 l.3 0(C H=),
132.10(C H=),137. 35, 155.24, 166.35.
串118@&9蔓
T
u vin a ctive
Cyclis atio n ofiodide119(Expt 427)
M O M N
119
Si O2, U V, PMA
Et20 o nly
K.OtBu/ 1 8_ c r o w n_6
T H F
N H Bo c -6 0oC
】 o v ernight
6 0 %
M OM N
120
0
”
/
Bo o
A s olutio n ofiodide119(0･325g,0.6605m m ol)in 50 miof TI寸F aト60oC w a s
addedto a s olutio n ofpota s siu m te r-buto xide, KOtBu(0.11 g, 0.990m m ol)and
1,4,7,10,13,16-he x a o x a cycloo ctadec a n e, 18-c row n -6(0.349g, 1.3 21m m ol)in 50mlof
THF, andthe mixtu r e w a s stirred aト60oC for ovemight･ A fterqu e n ching withs atu r ated
N H4Cl, separatedthe o rganiclaye randthe n ree xtra cted aque o u slayer with AcO Et･ T he
c o mbin ed organic laye rs w er e w a shed with s atu r ated. N aCl a nd the ndried o v e r
MgS O4･ Ev apo r atio n ofthe s olve nt ga v ea r e sidue which w as chr o m atogr aphed o n
SiO2(Et20)to affordthedesir edcyclis edprodu ct1 20(14 0g,60 %)as a c olo u rles s oil.
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Data ofe o mpo u nd ま20
桝 D25 ＋之3.Oo(c=l.00,CHC13)
況 (n e at), c m
-1:2925, 1680,1660
MASS,L R FABM S, m/z:365(M＋＋H)45%,154(lo鞄)
HRFAB M S:Calcdfo rC20H33N204:365.24 419,Fo u nd:365･2419
1H- N M R(CDC13),8:1.19- I.29(2rI, m ,C H2),1･43(9H, s, Bo c), l･60(1 H, m , C H2),
1.76(lH,br, C‡Ⅰ2),1.99(lH,br,CH2),2･25- 2 3 4(4 H, m ,
2C吏弛),2.66(1 H, m ,CH2),3.04(l H, m , NCH2),3･29(lil, s,
N CH2),3.33(3 H, 良, O Me),3.45- 3 A9(2 H, m ,NCH之),4･80
(1H, m , CFt*),4.97(2H, m , N CH20),5･29(1 H,d like,J=il･4
H笈, C H=),5.65(1H, m , C H=),6.32(1 H,br, C H= e ndo cyclic)I
13c- N M R(C D C13at50
oC),8:24.21(CH･2), 25･26(C H2),25･72, 27･0 7(Doe),之9さ67
(c H2),34.88,43.21(N C H2),43･77(C*),54 A7,55･96
(MeO),76.69,79.16(Bo a),129･74, 131･ 9(C H==),
132.50(C H=),13 7.ll(C Hニ),155.66(C=0), 165･66
(C=0)
S
m
@ 119
⊂⊃ ⑳ 120
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SiO2, U V, PMA
Et20 only
C O N C L U SIO N S
Asym metricPictet-Spe ngler rea ctio n oftryptamin eha ving α - ethyl be n T･yla min e as
chirala u xiliary w as e x a min ed･ The r e a ctio nwithbe n z aldehydein renu xl ngbe n z e n e o r
tou ue ne witho ut acid ga v ethe β- c a rbolin e with the high yield a nd po o r
dia stereo s ele ctivity. T he bestdia stereo s ele ctivity(7 2% de) withgo od chemic alyield
(71 %)w a s obtainedthe rea ctio n w ascondu cted inthepr e s e n c e of T F A(0･5 m oleq)in
refluxingbe n ze n e. Altho ughachiral Lewis a cids s u ch a sB(OPh)3, B F3甘Et20, Yb(O Tり3
and Et2Al Cl, a nd chir al Lewis a cid deriv edfr o m(R)or(S)bin aphthola nda(OPh)3,
w ere us ed as acid, n oinflu e n c e o nthe dia ster e osele ctivity w a s obs e r v ed. T heβ-
carbolines were obtain ed withpo o rdia stere o selectiviyt a nd highche mic alyieldwithin
sho rtre actio ntim e when chir alprotic acidsliked- C S A,(S)- m a ndelic a cida nd N-to syl
amin oacids w e re u s ed. T hisisthe 丘rste xample softhePicteトSpengler r ea ctio n c atlys ed
bycbir ala cid.
Thehigh boilingsolv e nts s u ch asben zene,t91uen eand dio x a nega vetheβ-c arbolin e s
in highche micalyield, wher e a slo wboilings olventslike a c etr o nitrile a nd T H Fga v ethe
po o r chemic alyield･ T he re a ctio n with othe rs aldehydes (a r o m atic a nd aliphatic
al dehyde s)als ogavethe c o rre spondingβ-c arbolin e s.
C hir al auxiliary w a s r eadily r e m ov ed a ndthe r esulta nt トs ubstituted 1,2,3,4-
tetrabydr o-β-c arbolin e w a sidentified with a n a uthe ntic s a mple. Epim e riz atio nin
a sym m etric Picte -Spe ngler r e adtion w a s studied o nboth min or a nd m ajo rPr odu cts
obtained fro m the Pictet-Spengler r ea ction of chir altrypta min e with ben z aldehyde･
Epim erizatio nhas o c cu r ed in the pr e s enc e ofacidathighte mperature a ndthes9 m ajo r
a nd m ono risom ers equilibr ated at the r atio of 82:18･ En e rg yc alculatio n o nthe s e
produ ctsindic atedthat the m ajo ris o m eris e n ergetic ally m o r e stablethan the min o r
is o m e r a ndthe PicteトSpengler r e a ctionin o u rhand w asthe res ult oftbe r m odyna mic
c ontrolled re a ction ･ The m echa nis m ofepl m eriz atio nw as studied in deuterated TFA a nd
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de ute rated ben7.e n e at8 0
oCby N M Re xperim e nt† Node ute l
･iu min c o rpo r atio n atC-1 of
theβ城 u･b('line w as obs e rved,indiciltingthe ClヰIbo nd hasムotbee n cle a v ed, butC卜
N2bo nd o rCいC9abond cle a v喝 e S Ofth8β- C a rbolin e c ouldn otbe de cided bythis
e xpe rirn e nt･
Acylatio nindu c ed a symITletric Pictet
- Spe ngler r e a ctio n w a s c o ndu cted withSchiff
bas ede riv ed fr o mtryptamin e and be n z aldehyde, a nd chir al a cid chlo ride s u ch a s
chlo fide s of 8-phe nyl m e nthol,(S)
- m a ndelic a cid a nd Nぺo syl- しproline･ givingthe
c o re spo ndingβ-c arboline sin m oぬ ate che mic alyielda ndpo o rdia ste re o s ele ctivity･ At
thispoint,thefo r m atio n o叩 -la cta mhastake npla c e whe nSchiffba s e, w a sre a cted with
acidChlo ridein 伽 pr e s e n c e ofba s 臥T herefo r 色, the fo r m atio n ofB
-1acta m w a sals o
studied bythe u s ed ofphe n o xya c etylchlo ride a nd Schiff b
as ede riv edfr o mtryptamine
a nd v a rio u s aldehyde s. Th昏 V a riou sβ-la cta m w a s obtain ed withgo od chemic alyields･
Fo rthe synthetic studie s o nthe optic ally a ctiv etetr a cycl昏Sfo r m
a n 芝a min eA, 2-
pIPeridon e a nd Lrs e rin e w e r e employeda sthe s
ta rtingm ate rials･ The aldolre a ctio n of N
-
m etho xy m ethy1 2-pipe rido n昏 Obtain ed fr o m2
-piperido n e, withGer n a r aldehydederiv ed
fr o mし se rin e a ndtheis o merizatio n ofresultantaldolpr oductw e re u s eda sthekeysteps･
The Wittigr e a ctio n ofaldehyde c o ntaingdie n ophile with Wit
tigr e age ntha v lngC
-5 u nit
w ase mployedto obtain the cycliz atio nprec u rs
o r･ The c onstr uction ofthe di8 n OPhile
c o ntal nl ng optic allyactiv ea z o cin e ri ng W as a Chie v ed･
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